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1.   GENERAL INTRODUCTION 
1.1 AGRICULTURAL LANDSCAPES IN EUROPE 
Europe is characterized by a heterogeneous landscape that results from a combination of 
geographical, historical and political factors (Antrop 2005; Young et al. 2005). Landscapes 
vary considerably between different countries and can be viewed as the product of different 
historical land use phases, that overlaid, refined and replaced each other (Vos and Meekes 
1999; Antrop 2005; Plieninger et al. 2006). Currently, agriculture is the dominant land cover 
within Europe (~42%), followed by forested land (~35%) (EEA, 2010). These agricultural 
landscapes are highly diverse, ranging from traditional landscapes defined by extensive 
production methods, such as low-intensity grazing in upland and mountainous areas 
(Baldock et al. 1995; Plieninger et al. 2006), to very intensive arable land use (“industrial 
production landscapes”)(Vos & Meekes, 1999). Furthermore, these landscapes impact 
biodiversity values, as well as a range of ecosystem functions and services, depending on 
their biophysical conditions and land management (Matson et al. 1997; Henle et al. 2008; 
Billeter et al. 2008). Overall, landscapes can be seen as social-ecological systems, as they 
contain both biophysical and socio-economic properties that interact (Angelstam et al. 2013; 
Fischer et al. 2015). The socio-economic dimension becomes increasingly important with 
changing societal demands, for instance due to globalization or technological change (van 
Berkel 2012; van der Heide and Heijman 2013).   
The most visible part of the landscape is the land cover. Landscape changes are most often 
described in terms of land cover changes (Rounsevell et al. 2012). Land cover includes all the 
attributes and structures, including human structures, of the land and the immediate 
subsurface (Lambin et al. 2006). Contrary to land cover, land use describes the purposes for 
which humans use the land, including land management practices, i.e. “ways in which 
humans treat vegetation, soil, and water” for a specific purpose (Lambin et al. 2006). 
Examples of land management, include use of fertilizers or pesticides, irrigation schemes and 
tillage (e.g. Erb et al., 2013; Follett, 2001). While changes in land management have received 
less attention than land cover conversions, these are highly influential, as a main long-term 
driver of human impact on landscapes (Rudel et al. 2009; Ellis et al. 2013) and as the 
dominant influence on future land use change (e.g. Tilman et al. 2011). Major processes in 
land use and land management have changed the European countryside and the European 
agricultural landscapes in particular (Fuchs et al. 2014; van Vliet et al. 2015a). These changes 
imply that many landscapes have been facing different land-management regimes over the 
last century (see Jepsen et al., 2015). These land management regimes have had considerable 
impact on the appearance and functioning of agricultural landscapes. As demands for land-
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based goods and services are expected to continue increasing in the future, understanding 
the land use outcomes of these trends and their impact on society is important (Rounsevell 
et al. 2012). To anticipate future land use changes, such as the expected abandonment of 
marginal land, a better assessment of their impacts is necessary. Furthermore, an improved 
representation of critical elements of landscape composition, structure and management of 
agricultural landscapes is needed to improve the simulation of the impact of global change 
processes 
1.2 LAND USE CHANGES AFFECTING AGRICULTURAL LANDSCAPES IN EUROPE 
Three major developments dominate the recent changes in agricultural landscapes: 
intensification of agriculture, scale enlargement and the abandonment of marginal land 
(Henle et al. 2008). Starting after World War II, farming systems in Europe underwent rapid 
changes. Agricultural production inputs increased: the land area utilized expanded and more 
capital (e.g. technology, mechanization, agrochemicals) and labor force was invested to 
increase agricultural production (Brookfield, 1972; Turner II and Doolittle, 1978). A major 
driver of this intensification was the Common Agricultural Policy (CAP; Lefebvre et al. 
2012), which initially aimed at self-sufficiency of agricultural production through payments 
coupled with production targets (Henle et al. 2008; van Zanten et al. 2013).  
Scale enlargement emerged as one of the consequences of this focus on productivity, aiming 
for increased efficiency and mechanization. Scale enlargement is reflected in the increased 
size of land parcels, livestock herds, and economic size of farms. One consequence of the 
amalgamation of land parcels was a loss of natural and semi-natural habitats and the removal 
of many traditional landscape elements, such as hedgerows and tree lines (Stoate et al. 2001; 
Robinson and Sutherland 2002). The alleviation of negative environmental effects of 
agriculture was one of the aims of a shift in the CAP in the mid-1980’s, which entailed a shift 
from direct production subsidies to an income support subsidy system, with increased 
environmental requirements to landowners (“Pillar 1”). Environmental protection and rural 
development were addressed in the “second pillar” of the CAP (Lowe et al. 2002; Matthews 
2013). Various voluntary environmental schemes and agri-environmental measures (AEMs) 
have been implemented since then, focusing on increasing biodiversity and wildlife, 
environmental protection and cultural landscape preservation (Young et al. 2005; Burton and 
Schwarz 2013). An example is the Less Favoured Area (LFA) scheme aimed to preserve 
agricultural landscapes in marginal areas, for their cultural heritage, habitats and overall 
attractiveness values (European Commission 2008; Lefebvre et al. 2012).   
Land abandonment seems contrasting to an increase in agricultural production, but 
abandonment of marginal land is often closely related to intensification in more suitable 
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areas (“polarization”) (Rey Benayas et al. 2007; Verburg et al. 2013b). The current extent of 
land abandonment in Europe is unknown, mainly due to different definitions and lack of 
consistent measurements across the EU (Pointereau et al. 2008). However, agricultural 
statistics show a clear decrease in agricultural land, especially in areas characterized by 
extensive and small-scale agricultural systems (Verburg and Overmars 2009; Keenleyside and 
Tucker 2010). Significant levels of agricultural abandonment are expected in Europe over the 
next 20 to 30 years (Verburg and Overmars 2009; Renwick et al. 2013). The difficulties in 
assessment and measurement of abandonment are mainly caused by the non-static character 
of land abandonment, as it is not an end-state but a transitional stage leading to different 
trajectories of varying intensity and long-term outcomes (see Figure 1-1; Munroe et al. 2013; 
Estel et al. 2015). As fallow lands are often taken back into production after a few years 
(Pointereau et al. 2008; García-Ruiz and Lana-Renault 2011), new identification techniques 
using time-series of remote sensing data are necessary to distinguish fallow from  abandoned 
land (Estel et al. 2015).  
1.3 IMPACT OF AGRICULTURAL MANAGEMENT ON AGRICULTURAL LANDSCAPES 
Changes in agricultural management lead to changes in the environmental properties of a 
land surface (Foley et al. 2005). This impact varies as a consequence of the diversity in land 
change processes throughout Europe as well as in the large differences in environmental and 
social–cultural context, land-use history and institutional setting (Antrop, 2005; Jepsen et al., 
2015; Verburg et al., 2009). In general, the benefits of intensification, in terms of increasing 
food production, come at the cost of biodiversity. For instance, enhanced nitrogen input and 
other agro-chemicals affecting water quality. Increased fertilizer inputs also have both direct 
and indirect impacts on biodiversity (Krebs et al. 1999; Vickery et al. 2001; Herzog et al. 
2006; Henle et al. 2008). Intensification of agricultural management, scale enlargement and 
land abandonment, all lead to a homogenization of agricultural landscapes. For scale 
enlargement, this is especially the result of the removal of hedgerows and other landscape 
elements (Baudry et al. 2000). For land abandonment, increased succession leads to more 
continuous forest areas, thereby decreasing the land use mosaics and landscape heterogeneity 
(Jongman, 2002; Klijn, 2004). Overall, many different species that are linked to low-intensive 
agricultural landscapes react to the reduction of habitat heterogeneity as the result of 
agricultural intensification or succession of natural vegetation after land abandonment 
(Robinson and Sutherland 2002). 
Habitat heterogeneity, for example, affects both species richness and species abundance of 
birds in agricultural landscapes (Benton et al. 2003). A reduction of landscape heterogeneity 
is also associated with other environmental impacts, such as forest fire risk in the 
Mediterranean region (Höchtl et al. 2005; Viedma et al. 2006). Specifically for land 
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abandonment, many areas under threat are characterized by low-intensity agriculture. These 
areas often have high agro-biodiversity values and important cultural heritage functions 
(Plieninger et al. 2006), such as extensive traditional landscapes, sometimes referred to as 
‘High Nature Value Farmlands’  (Lomba et al., 2014; Paracchini et al., 2011).  
 
Figure 1-1 Multiple trajectories of abandonment and land change (reproduced from  
Munroe et al. 2013) 
 
The primary goal of the agricultural sector is to produce agricultural products and raw 
materials. However, it is widely recognized that agricultural landscapes also deliver other 
services, so-called ecosystem services (Foley et al. 2005; Gobster et al. 2007; de Groot et al. 
2010). As a relatively new and developing concept, different definitions and classifications 
exist, but the most frequently used definition of ecosystem services is “the benefits people 
obtain from ecosystems” (Millennium Ecosystem Assessment 2003; Millennium Ecosystem 
Assessment 2005).  Despite different classifications, the main components are similar and 
consist of four different types: provisioning services, such as raw materials and food; 
regulating services, such as oxygen production and water circulation; cultural services, which 
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are non-materialistic effects e.g. for recreation, and supporting services, which support other 
types of ecosystem services. The Economics of Ecosystems and Biodiversity (TEEB) (2010) 
framework introduced habitat services as a separate component, referring to underlying 
services that are crucial to maintain biodiversity, such as lifecycle maintenance and genepool 
protection. While agricultural management is often not focused on sustaining the production 
of non-provisioning services, it is dependent on underlying ecosystem services provided 
from nearby unmanaged ecosystems, such as genetic diversity or water purification (Zhang et 
al. 2007; Power 2010). Agricultural landscapes also provide non-material benefits derived 
from the aesthetic function of landscapes, by means of cultural ecosystem services such as 
recreation and tourism and more ‘intangible’ services, such as spirituality, sense of place and 
cultural heritage (e.g. Tengberg et al. 2012; Plieninger et al. 2013; van Zanten et al. 2014). 
Overall, the different components of agricultural landscapes determine the bundle of services 
provided by these landscapes (Raudsepp-Hearne et al. 2010; van Zanten et al. 2013). 
While there is an increased recognition of the importance of ecosystem services, the impact 
of land management practices on the provision of ecosystem services is still poorly 
understood (Eppink et al. 2012; van Oudenhoven 2015). This is partly caused by a dominant 
research focus on (semi-) natural ecosystems, while agricultural landscapes are often 
neglected (van Zanten et al. 2013). This results, for example, in sub-optimal management due 
to untested assumptions or lacking information (Carpenter et al. 2009). As management 
alters the provision of ecosystem services, trade-offs between different ecosystem services or 
in relationship with other landscape values such as biodiversity can arise. For instance, when 
the use of one service is increased, this can cause a reduction of the provisioning of another 
service. Sometimes, this is the result from targeted management, but often trade-offs arise 
unintended or without premeditation (Rodriguez et al. 2006). At the same time, synergies 
between different services also occur, i.e. an increase in the provisioning of one service as a 
consequence of the increased use of another. Trade-offs and synergies between different 
ecosystem services can occur across different spatial scales and with varying reversibility. 
They are, for instance, influenced by the differences in complexity of the rural landscape 
(Laterra et al. 2012; Mitchell et al. 2013). Trade-offs are especially important when planning 
the optimal use of areas for multiple functions, such as food production, biodiversity and 
carbon sequestration (Wilson 2007; Rudel and Meyfroidt 2014).   
1.4 REPRESENTATION OF AGRICULTURAL LANDSCAPES IN ENVIRONMENTAL 
ASSESSMENTS 
To assess the current and future state of the earth system as a whole, a number of large-scale 
environmental assessments have been undertaken that focused on different aspects of the 
environmental system. Examples include the Global Environmental Outlook (UNEP 2012), 
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Global Biodiversity Outlook (Pereira et al. 2010) and the Millennium Ecosystem Assessment 
(MEA 2005). These assessments often focus on the global or continental scale and are driven 
by the strong connections between world regions through trade and climate change and the 
need for global governance of environmental resources. As a consequence of the large spatial 
extent and the computational complexity, a simplification of the representation of the earth 
system is necessary in large-scale assessment models. Critical elements of landscape 
composition, structure and management are therefore omitted, hence underestimating their 
importance for modelled impacts (Verburg et al. 2013a).  
The development of continental-scale characterization of biophysical landscape properties 
has progressed considerably over the past years. However, information on other landscape 
dimensions, such as landscape structure and land use intensity is lagging behind (Plieninger 
et al. 2015), even though several datasets that capture different aspects of land use intensity 
have been published recently (e.g. Neumann et al. 2009; Neumann et al. 2011; Temme and 
Verburg 2011). The lack of European-scale datasets on landscape structure is mainly caused 
by the limited information that is available to assess this on a European scale. At the same 
time, information on landscape structure, such as field size and landscape elements (tree 
lines, solitary trees), is vital in characterizing landscapes and their related societal values 
(Uuemaa et al. 2013; Plieninger et al. 2015).  
The focus on biophysical dimensions of landscapes is partly the result of the way of 
conceptualization of landscapes in research and the landscape concepts that are applied. 
Landscape concepts vary in the representation of the role of human influence on the 
landscape: from landscapes as a pure natural phenomenon (biophysical) to a more holistic 
view that includes natural and cultural dimensions (Angelstam et al. 2013; Plieninger et al. 
2015). When landscapes are viewed from a more holistic viewpoint, also the constructed and 
perceived meaning that people attribute to the place become important (Tuan 1974; Kianicka 
et al. 2006). A common way to gain insight in appreciation of landscapes is through the study 
of landscape preferences (van Zanten et al. 2014).  
To assist decision-making and assessment of rural development options, it is important to 
understand the different values that people assign to the landscape, including their 
preferences for land-use management practices and landscape aesthetics (Sayer et al. 2013). 
Especially, knowledge about the perceptions and assessment of landscape changes by 
different societal groups is crucial for landscape-related policies and planning measures, e.g. 
in helping the identification of planning goals that reconcile the views of various public 
groups and minimize conflicts (Hunziker et al. 2008; Smith et al. 2011).   
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1.5 SCOPE AND GOAL OF THIS THESIS  
Agricultural landscapes are at the interface of the biophysical environment and society. This 
thesis, therefore, adopts an integrated approach that considers landscapes as social-ecological 
systems. This approach accounts for both the natural and human factors that influence the 
landscape, and seeks to understand their relationship, feedbacks, and trade-offs.  
The overall objective of this dissertation is to assess how land management differentiates 
agricultural landscapes and leads to changes in the functions and values assigned to these 
landscapes. More specifically, it focuses on the characterization of agricultural landscapes 
that is not limited to biophysical dimensions, but includes information on spatial structure 
and land management. Furthermore, the diverse consequences of abandonment of 
agricultural practices on the functioning of agricultural landscapes are assessed.  
This overarching objective was achieved by addressing four interrelated research questions:  
1. What is the spatial distribution of linear landscape elements for the European Union, 
and how can this pattern be explained? 
2. How can we characterize the diversity of present-day agricultural landscapes on a 
European scale, by accounting for landscape structure and management?  
3. What are the trade-offs of agricultural abandonment in Europe in terms of 
landscape functioning, and how do these differ between European regions?  
4. What is the perception of the trade-offs as a consequence of agricultural land 
abandonment by different user groups in an area undergoing abandonment?  
1.6 THESIS OUTLINE 
This thesis consists of four main chapters, that each address one of the mutually related 
research questions set out in Section 1.6 above (see Figure 1-2). In Chapter 2, the spatial 
distribution of green linear elements, ditches and grass margins is modelled for the European 
Union, based on ground observations of these features. Subsequently, an explanation for 
these spatial patterns is assessed (Research question 1). In Chapter 3, a number of spatial 
datasets is used to develop a new typology for agricultural landscapes in the European 
Union, accounting for land cover, land management and landscape structure. This chapter 
has a methodological focus as two techniques to develop the typology are compared 
(Research question 2). Chapter 4 investigates the trade-offs related to eight indicators that are 
potentially affected by future land abandonment in the European Union. Using a clustering 
approach, typical trade-off bundles are grouped and used to identify areas that face similar 
management challenges (Research question 3). Chapter 5 zooms in on a case-study area in 
Northern Portugal that has undergone large-scale land abandonment in the past decades. 
Chapter 1 
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Here, the perception of land abandonment by different user groups, and the consequences 
related to the abandonment process are analyzed (Research question 4). Chapter 6 gives an 
overview of the main findings in this thesis, followed by a discussion on the scientific and 
societal relevance of the results and the remaining open questions.                                                 
  
Figure 1-2 Schematic display of the chapters in this thesis. The arrows indicate an information 
or data flow between the chapters.   
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2. MODELING THE SPATIAL DISTRIBUTION OF LINEAR LANDSCAPE ELEMENTS IN 
EUROPE 
 
ABSTRACT 
Linear landscape elements, such as ditches, hedgerows, lines of trees and field margins, 
provide important habitats and ecosystem services and function as ecological infrastructure 
for species within agricultural landscapes. Spatial maps of the distribution of these elements 
are needed to better represent landscape structure within regional scale environmental 
assessments. We present wall-to-wall maps for green lines, ditches and grass margins for 
Europe, using spatial modeling of ground observations on linear features from the 2009 
LUCAS (Land Use and Cover Area frame Survey) database. We compare different spatial 
interpolation methods, ranging from spatial autocorrelation-based methods to methods that 
explain the occurrence of elements based on biophysical and socio-economic information. 
Our results are 1 km2 resolution maps of the occurrence of linear landscape elements for 
Europe. Independent validation of green lines based on aerial photographs showed the best 
results for interpolation based on regionally estimated regressions relating the occurrence of 
landscape elements to environmental and socio-economic location factors. The results 
confirm the importance of the underlying biophysical and socio-economic factors on the 
presence and abundance of linear landscape elements. However, the total explanatory 
strength of the considered factors is moderate and a considerable uncertainty in the exact 
distribution remains.  
 
Based on: 
Emma H. van der Zanden, Peter H. Verburg and Caspar A. Mücher (2013). Modelling the 
spatial distribution of linear landscape elements in Europe. Ecological Indicators 27: 125 – 136
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2.1 INTRODUCTION 
The structure of a heterogeneous landscape is formed by the spatial arrangement of the 
landscape patches and their interconnections (Turner 1989). The landscape matrix and a 
mosaic of patches define the dominant land cover, while the interconnections are constituted 
by linear elements. These linear landscape elements, sometimes also called corridors, support 
the dispersal or movement of certain species between different patches (Forman and 
Godron 1981), and therewith form an important component of the green infrastructure of 
the landscape. Within agricultural landscapes, linear elements such as ditches, hedgerows and 
field margins often form the boundary between agricultural fields (Le Coeur et al. 2002). 
While networks of linear landscape elements occur throughout the world, the long history of 
agriculture in Europe has resulted in a large variety of traditional rural landscapes in which 
linear landscape elements have a prominent place (Zimmermann 2006). Agricultural 
intensification and field enlargement over the past 40 years have increasingly cleared these 
man-made linear elements to allow for more mechanized and larger scale agriculture (Stoate 
et al. 2001).  
Linear landscape elements have important cultural and ecological values both within the past 
as well as within present day landscapes (Rosenberg et al. 1997; Jongman 2004). In the past, 
linear landscape elements functioned as field fence, shelter, source of fuel wood and other 
products, protection against erosion or reduction of wind speed. While barbed wire has often 
taken over the function to keep livestock inside (or outside) individual fields, several other 
agricultural functions are still important, such as drainage by ditches or wind reduction by 
tree lines (Primdahl 1999; Marshall and Moonen 2002). The provision of essential ecosystem 
services by linear elements is increasingly recognized (see Table 2-1 for a summary of 
important services) (Burel and Baudry 1995; Zhang et al. 2007). As ecological infrastructure, 
linear elements enhance dispersal of many species (Atauri and de Lucio 2001; Davies and 
Pullin 2007; Herzon and Helenius 2008), such as farmland birds (Hinsley and Bellamy 2000), 
invertebrates (Aviron et al. 2005) and mammals (Bennett et al. 1994). Moreover, the 
elements provide a key habitat for species that could otherwise not exist in farmland 
(Gillings and Fuller 1998). 
As cultural service, linear landscape elements are important for tourism and heritage, because 
they are often part of traditional, agricultural landscapes (Gobster et al. 2007) such as the 
classic, enclosed Bocage landscapes of France, Wales and England (Burel and Baudry 1995). 
Moreover, mosaic small-scale landscapes with linear landscape elements are often regarded 
as aesthetically attractive because of their variability and identity (sense of place) (Soliva et al. 
2008; van Berkel et al. 2011). Regulating services provided by linear elements include 
enhanced carbon sequestration (Jose 2009), increased water infiltration (Sánchez et al. 2010), 
Modelling the spatial distribution of linear landscape elements in Europe 
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increased water quality as a result of water infiltration in grassed ditches or field margins 
(Borin et al. 2004), and pollination (Öckinger and Smith 2007) and pest regulation by insects 
harbored by vegetated field margins (Bianchi et al. 2006). 
The literature on linear landscape elements and related concepts (e.g. ecotones, field margins) 
is diverse (Meyer et al. 2012). There is a vast amount of literature on case studies with 
landscape elements, especially hedgerows (Forman and Baudry 1984; Petit et al. 2003; 
Deckers et al. 2005). Small scale inventory of landscape elements was undertaken in several 
European projects (Bunce et al. 2008; Jongman and Bunce 2009; Bunce et al. 2010). A 
considerable amount of different national investigations was also used in scientific literature, 
including the UK Countryside Survey (Barr and Gillespie 2000) and the Dutch VIRIS 
database (Grashof-Bokdam et al. 2009). Within policy, there is an increasing political 
awareness for the effects of landscape fragmentation on habitats and species populations 
(Tillmann 2005). At this moment, the EU has a strong policy focus towards protection and 
development of green infrastructure (European Commission 2010).  
Despite the important role of linear landscape elements within agricultural landscapes, there 
are no European assessments or maps with full European coverage of landscape elements. 
Mücher et al. (2009) explored the possibility of modelling regional linear landscape element 
length based on land cover in combination with satellite derived landscape metrics, e.g. 
number, mean size, mean shape of segments, but did not extend their approach to the 
European scale. An alternative approach to map the occurrence of linear landscape elements 
is by means of very high resolution remote sensing, which is expensive and computational 
intensive (Tansey et al. 2009; Ståhl et al. 2011). To overcome observation problems and to 
explore the presence of landscape elements over larger areas, an alternative method is the 
interpolation of ground observations (Dramstad et al. 2001; Wascher et al. 2010). 
The objective of this paper is to produce maps of linear landscape elements with full 
European coverage based on ground observations in combination with spatial modeling. The 
development of a European scale map of landscape elements will help the representation of 
landscapes beyond the dominant land cover, which lacks information on ecosystem 
management and human intervention (Verburg et al. 2009). This new map can relate more 
easily landscape structure to ecosystem services provision (Schulp and Alkemade 2011) and 
regional scale integrated assessments, such as the high nature value farmland assessment 
(HNV) (Paracchini et al. 2008; Verburg et al. 2013a). An example of a potential ecosystem 
service assessment requiring such information is the mapping of pollination, since efficient 
pollination depends on the relationship between the distance of wild pollinators and the 
closest edge of natural elements, including linear landscape elements. Land cover alone is 
insufficient to capture this relationship, since it may overestimate the distance to a natural 
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element (Schulp and Alkemade 2011). Moreover, the important role of landscape elements 
on agro-biodiversity makes linear landscape elements a potential indicator for the biological 
diversity within a landscape (Billeter et al. 2008; Gimona et al. 2009). 
This paper uses ground observations of the Land Use/Cover Area frame statistical Survey 
database (LUCAS) (Delincé 2001; Gallego and Delincé 2010), since this database contains 
ground observations on linear features in the landscape for over 200,000 points within the 
European Union for 2009. Different interpolation techniques can be used to model the 
transect information available in the LUCAS database, ranging from commonly used Inverse 
Distance Weights (IDW) and kriging techniques over more complex aggregation to 
biophysical units (Mücher et al. 2010) and regression modeling based on supposed 
determinants (Temme and Verburg 2011). This paper presents a comparison and validation 
of maps of linear landscape elements based on the LUCAS observation data derived by these 
different interpolation methods. The next section introduces the data and methods followed 
by the results and a discussion of the strengths and limitations of the thus created European 
map on linear landscape elements. 
 
Figure 2-1 Outline of the methodology 
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2.2 METHODOLOGY 
To model the LUCAS point data on linear landscape elements, the main challenge is to select 
the most suitable interpolation method to extend the information beyond the point 
observations to the entire European territory. Rapid developments within GIS and 
geostatistics have made interpolation techniques common use for land use information 
(Hengl 2007; Knotters et al. 2010). A range of different techniques is used to assist in spatial 
interpolation: regression models based on location characteristics (Temme and Verburg 
2011), inverse distance weights (IDW) or splines and geostatistical techniques such as kriging 
(Burrough and McDonnell 1998; Lesschen et al. 2005). New methods have been developed, 
especially within ecology and public health, for the interpolation of non-Gaussian data based 
on discrete distributions (Miller et al. 2004; Gotway and Young 2008). Soil information from 
the LUCAS database was previously interpolated using IDW (Panagos et al. 2012). 
The different interpolation methods for this paper were chosen to compare the most 
commonly used interpolation techniques. The four interpolation techniques range from 
techniques purely based on spatial autocorrelation (Inverse Distance Weights (IDW) and 
Ordinary Kriging (OK)) to techniques that incorporate biophysical and socio-economic 
information to explain the occurrence of landscape elements (interpolation based on 
landscape map (LANMAP) and regression).  
A schematic overview of the method used to produce the maps of linear landscape elements 
with a full European coverage is shown in Figure 2-1. In this study, three classes of linear 
elements were considered, namely, (1) green lines, (2) ditches and (3) grass margins. An 
independent validation based on aerial photo interpretations was conducted for the green 
lines class. 
2.2.1 Data set 
In this study, the Land Use/Cover Area frame statistical Survey database (LUCAS) (Delincé 
2001; Gallego and Delincé 2010) for 2009 is used for information on linear landscape 
elements. The 2009 dataset consists of 235,000 points, with 250 meter Eastward transects 
recorded at each location. At every sampling point, information is available on land 
cover/use and additional visual information, e.g. slope, field size, water management and 
grazing. In addition, multi-directional photographs are available at each sample point 
(Eurostat 2009a). 
The LUCAS survey, which is still ongoing, is aimed at the collection of field observed land 
cover/use, agro-environmental and soil data at geographically referenced points (Eurostat 
2009b). The survey started in 2001 as a crop statistical survey and consists of four sampling 
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years (2001, 2003, 2006 and 2009). In 2006 the survey transformed to a generic land 
cover/use survey, with a two-phase stratified random sampling scheme based on unclustered 
points that resulted in an average density of one observation per 21 km2. Areas above 1,200 
meter and points on Cyprus, Malta and other islands are excluded in the LUCAS database. 
Information at the points was collected by surveyors who visited the points. All sampling 
years incorporated transects for information on the variation of land use. Transect 
information was collected by a surveyor that walked along a 250 meter long transect and 
reported the sequence of land-cover types and counted the crossings with linear landscape 
features (Figure 2-2). Only features wider than 1 meter (exception of walls and fences) and at 
least 20 meter long were reported. The database is mainly used for the validation of land use 
data derived from remote sensing (Gallego and Bamps 2008). 
 
Figure 2-2 Schematic overview of 2009 LUCAS transect-sampling of linear features, with an 
example of South-East Britain.  
2.2.2 Data selection   
Within the 2009 LUCAS dataset, information on 19 classes of linear landscape elements was 
collected. Eleven of these classes are vegetation based elements, such as grass margins, trees, 
hedges and natural elements (rivers, rock outcrops). Eight classes are artificial in origin, such 
as fences, railways but also the agriculture related classes of dry stone walls and ditches 
(Eurostat 2009a). In this study, three classes of linear elements were distinguished, namely, 
(1) green lines, (2) ditches and (3) grass margins. The selection and aggregation of these 
classes was based on an analysis of the abundance within the dataset, the original function of 
the elements within the agricultural landscape and the strong influence of linear elements on 
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agro-biodiversity. An overview of the elements and their main functions and general 
occurrence is given in Table 2-1.  
For further analysis, transects that were not completed by a surveyor and were photo-
interpreted afterwards have been excluded, resulting in a total of 158,620 points (68.5% of all 
points). The number of intersections with landscape elements ranged between 0 and 35. 
However, only 0.01% of the data had a count exceeding 7. To avoid too much influence of 
outliers in the analysis these were reclassified to 7, so the values taken into account ranged 
between 0 to 7 counts per transect. 
Table 2-1 Chosen linear element classes and their main functions and general occurrence  
Element 
class 
Specification and 
maximum width1 
LUCAS description1  Main agricultural function and occurrence 
Hedge and 
tree lines 
(Green 
lines) 
Avenue trees, 
conifer hedges (< 
3m), 
bush/trees/hedges 
(managed and non-
managed, < 3m), 
grove/woodland 
margins (<3m), 
heath/scrub (< 3m) 
and dry stone walls  
Including tall herb 
fringes, shrub or 
wood margins, 
bushes/tree hedges 
and coppices 
(managed or 
unmanaged). Most 
margins are found as 
field boundaries 
within agricultural 
land or along roads 
or water courses. Dry 
stone walls also 
include stone heaps 
by farmers.  
 
Historical and current function:  Originally 
used to indicate land ownership, stock 
fencing and shelter purposes. Control of 
physical fluxes, such as water infiltration, 
erosion and wind reduction are other 
functions. 
Biophysical function: Biological corridor, 
pollution control, pollination, erosion and 
wind control.   
Cultural function: Recreation, aesthetics, 
culture and heritage. 
Occurrence: Often part of former enclosure 
landscapes (e.g.) in Western France, 
Ireland and Northern Germany. Mainly as 
windbreaks in Southeast France, Eastern 
Germany and Denmark. Stone walls are 
most present in the Mediterranean, 
Ireland, Northern UK and Sweden (Burel 
and Baudry 1995; Baudry et al. 2000; 
Oslon et al. 2007). 
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Table 2-1continued 
Element 
class 
Specification and 
maximum width1 
LUCAS description1  Main agricultural function and occurrence 
Drainage 
ditches 
- “Artificial” drainage 
or irrigation line, 
usually straight, 
temporary or 
permanently wet. 
Ditches are 
frequently found in 
agricultural land to 
lower the water table 
or drainage.  
 
Historical and current function: Used for the 
artificial removal of water from land, for 
e.g. wetland reclamation, irrigation, 
erosion prevention.   
Biophysical function: Biological corridor, 
drainage of water and water retention, 
uptake and release of phosphorus and 
nitrogen, mitigation of herbicides.  
Cultural function: Aesthetics, recreation  
Occurrence: Surface drainage is mainly 
present in Netherlands, Poland and 
Finland, followed by France and the Baltic 
countries (Herzon and Helenius 2008; 
Marja and Herzon 2012).  
Grass 
margins 
< 3m Strip of mainly 
uncultivated 
vegetation, 
dominated by grasses 
or herbs.  Often 
located at the edge of 
fields, between 
cropped areas (beetle 
banks) or ordering 
roads and tracks or 
water courses. 
Historical and current function: Grass margins 
typically occur as field boundary or as 
margin strip between a crop and boundary 
feature. At present they are often the result 
of set-aside agro-environmental schemes 
programs, such as the UK Country 
Stewardship Scheme  
Biophysical function: Biological corridor, 
buffer zone for fertilizers and crop 
pesticides. Margins also enable weed 
control and pollination. 
Cultural function: Recreation (aesthetics) . 
Occurrence: Present in some form at all 
agricultural field edges (Marshall and 
Moonen 2002; Zimmermann 2006; Oslon 
et al. 2007).  
 
1Based on Eurostat (2009b) 
2.2.3 Interpolation techniques for wall-to-wall mapping 
2.2.3.1 Inverse Distance Weight and Kriging  
Inverse Distance Weights and kriging methods are the most popular geostatistical techniques 
for interpolation (Miller et al. 2004). Both methods only use the variability of the point data 
for the prediction. Inverse Distance Weights (IDW) is one of the oldest spatial prediction 
techniques. It is a local method that only uses the data of the nearest sampling points and 
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therefore strongly depends on a dense and evenly spaced sampling network (Hengl 2007). 
Inverse Distance Weighting was applied in ESRI ArcGIS 9.3 with a 50 point search radius 
and a power 2 decrease of weight by distance.  
Kriging is a geostatistical technique which predicts spatial variation based on a probabilistic 
surface. This surface, the regionalized variable, is based on a drift component and a random, 
spatially correlated component. The local variable 𝑧𝑧(𝑥𝑥) is expressed by Equation 2-1:  
𝑧𝑧(𝑥𝑥) = 𝑚𝑚(𝑥𝑥) +  𝜀𝜀′(𝑥𝑥) +  𝜀𝜀′′               (2-1) 
where 𝑚𝑚(𝑥𝑥)  is the drift component i.e. the structural variation, 𝜀𝜀′(𝑥𝑥)  are the spatially 
correlated residuals and 𝜀𝜀′′ are the spatially independent residuals (Burrough and McDonnell 
1998). Ordinary Kriging is the most standard form of kriging, which assumes a spatially 
homogenous surface with constant variance and a constant but unknown mean. By means of 
a semivariogram which describes the autocorrelation between the points in space, a 
prediction is made by minimizing the error of the predicted values (Wackernagel 2003). In 
this study, Ordinary Kriging was performed with ESRI ArcGIS 9.3 geostatistical analyst 
(Johnston et al. 2001) using a K-mean variogram model. In this study we accounted for 50 
observation points as search radius setting.  
2.2.3.2 Interpolation to LANMAP areas 
This method interpolates point data based on homogenous spatial units that are supposed to 
represent the variation in the determinants of the occurrence of landscape elements. The 
European landscape map LANMAP (Mücher et al. 2010) is chosen for this purpose as it is 
the only complete European landscape classification. This typology was based on bio-
physical profiles from the dominant climate, elevation level, parent material and land cover 
type, resulting in 350 different landscape types and 14,000 mapping units across Europe. 
This aggregation method assumes a homogenous distribution of landscape elements per 
spatial unit, by means of an estimated average density of linear landscape elements per 
landscape unit (Wascher et al. 2010).  
2.2.3.3 Regression methods 
Regression techniques are based on estimation of an empirical relationship between the 
variable of interest (in our case the occurrence of landscape elements) and spatial 
environmental variables for the observations (Hengl 2007). In a following step the regression 
models are used to predict the occurrence of landscape elements in unobserved locations. 
We use the linear landscape element count data as dependent variable and different location 
factor data (Table 2-2) as independent variables.  
Chapter 2 
20 
 
Table 2-2 Selected independent variables as potential location factors for linear landscape 
elements. A detailed explanation of the different variables is available in Appendix 2.1  
Variable  Spatial resolution  Source 
Socio-economic   
GDP 1 km2 Van Eupen et al. (2012) 
Population density  1 km2 Derived from LandScan 
(http://www.ornl.gov/sci/gist/landscan) 
Travel time to cities/ports 1 km2 Accessibility analysis based on GISCO 
database infrastructure, Van Eupen et al. 
(2012) 
Policy areas   
Natura2000 sites Shapefile to 1 km2 EC  (2011)  
Leader Shapefile to 1 km2 EC (2006) and Eurostat (1999)  
Less Favoured Areas Converted to 1 km2 EEA (2011)  
 
Biophysical  
  
Drainage Polygons converted 
to 1 km2 
European Soil Database of the Joint 
Research Centre (JRC) of the EU, Van 
Liederkerke et al. (2006)  
Soil depth Polygons converted 
to 1 km2 
European Soil Database of the Joint 
Research Centre (JRC) of the EU, Van 
Liederkerke et al. (2006) 
Crop types 1 km2 CAPRI-Dynaspat (Leip et al. 2008) 
Arable agricultural production 
potentials 
1 km2; data obtained 
for 2007 
Van der Goot et al. (2004) 
DEM 1 km2 (using 90 m 
DEM) 
Derived from 1,000 m DEM from 
SRTM3 data, NASA(2003) 
Slope 1 km2 (using 90 m 
DEM) 
Derived from 1,000 m DEM from 
SRTM3 data, NASA(2003) 
Average height differences 1 km2 (using 90 m 
DEM) 
Derived from 1,000 m DEM from 
SRTM3 data, NASA(2003) 
Yearly rainfall 1 km2 Based on Worldclim 
(http://www.worldclim.org/), Hijmans 
et al. (2005) 
Mosaic and Agriculture land 
use  
1 km2 Based on Land use/cover derived from 
the Corine project, EEA (2005) 
Agroforest 1 km2 Based on Land use/cover derived from 
the Corine project, EEA (2005) 
Herbivores 1km2 Neumann et al. (2009) 
Monogastrics 1km2 Neumann et al. (2009) 
Soil erosion 1 km2 PESERA Project, Kirkby et al. (2004) 
Wind speed Downscaling of 0.75° 
to 1 km2 
Based on the ERA Interim reanalysis, 
ECMWF (2012) 
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Nonlinear regression models need to be used, since the response variable is discrete, with a 
probability mass on nonnegative integer values. We therefore use a generalized linear model 
(GLM) framework, which is a flexible approach that relates the response variable by a link 
function to the independent variables (Zeileis et al. 2008).  
The typical starting point for count data analysis is by using the Poisson distribution. Poisson 
regression links the response variable to the explanatory variables using a log transformation 
(McCullagh and Nelder 1989). The Poisson distribution assumes an increase in mean with an 
increase in variance (heteroskedastic). This assumption should not be violated (Potts and 
Elith 2006). A violation frequently occurs in empirically acquired count data sets when the 
variance is larger than the mean, which is called over-dispersion (Cox 1983). The negative 
binomial (NB) distribution, a gamma mixture of Poisson distributions, can be used in the 
case of over-dispersion since the variance function is a multiplication of the mean and 
therefore is more flexible (McCullagh and Nelder 1989). 
Another problem with the observation data used in this study is the large amount of zeros 
(zero inflation) which makes a standard distribution not sufficient. In the case of excess 
zeros, zero-augmented models add an additional stage to the model to capture the zeros. 
Examples of two-stage models are the hurdle model (HM) (Cragg 1971) and the zero-
inflated negative binomial model (ZINB) (Lambert 1992). The HM treats the zeros 
separately from the counts, assuming a separate underlying process. Since the HM explicitly 
models abundance and presence/absence separately, it allows for different mechanisms for 
both processes. The ZINB model does not have this clear distinction, as it is a combination 
of a point mass at zero and a NB distribution model. The ZINB model assumes that the data 
are divided into two groups; the observations with zero mass (false zeros; sampling or 
observer errors) and a group with count data which also produces zeros (true zeros; real 
effect of interest) (Lewin et al. 2010). The counts (𝑦𝑦𝑖𝑖) which are zero are modeled in the so-
called zero-inflated model. This model is the probability of a zero count as a combination of 
the chance of false zeros (𝜋𝜋𝑖𝑖), the probability that it is not a false zero and the probability 
that it is a true zero (Equation 2-2). In the count-model, counts are assumed to follow a 
negative binomial distribution 𝑓𝑓𝑁𝑁𝑁𝑁(𝑦𝑦) (Equation 2-3). A positive relationship in the count 
model therefore indicates an increase in possibility of linear element counts. A positive 
relationship for the count model is preferred together with a negative relationship in the 
zero-inflated model, because that indicates a reduction in the probability of excess zeros.  
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The negative binomial model has two parameters; 𝜇𝜇𝑖𝑖 is the mean, 𝑘𝑘 is the parameter (Zuur et 
al. 2009).  
𝑓𝑓 (𝑦𝑦𝑖𝑖 = 0) =  𝜋𝜋𝑖𝑖 +  (1 − 𝜋𝜋𝑖𝑖) ∗ � 𝑘𝑘𝜇𝜇𝑖𝑖+ 𝑘𝑘�𝑘𝑘             (2-2) 
𝑓𝑓 (𝑦𝑦𝑖𝑖|𝑦𝑦𝑖𝑖) > (1 − 𝜋𝜋𝑖𝑖) ∗ 𝑓𝑓𝑁𝑁𝑁𝑁(𝑦𝑦))              (2-3) 
The ZINB model and the related zero-inflated Poisson (ZIP) model are often chosen in 
ecological studies, due to their representation of ecological processes. However, the 
interpretation of the model parameters is less clear than in the HM (Martin et al. 2005).  
In this study, four different regression models; Poisson, negative binomial, hurdle and the 
zero-inflated negative binomial model are used to test the sensitivity of the regression 
outcomes to the specific characteristics of the dataset. For variable selection, we selected the 
best model from the regression dataset using backward stepwise selection of the three 
landscape element classes individually, after removing variables with a correlation >0.7 to 
avoid multicollinearity. Multicollinearity was also assessed with the variance inflation factor 
(VIF). For the selection of the models we used a critical level of α = 0.01, the Wald statistic 
and Akaike’s Information Criterion (AIC). The goodness-of-fit was assessed using the Root 
Mean Squared Error (RMSE) obtained by an ordinary non-parametric bootstrap. All models 
are implemented in R (R Development Core Team, 2008), using the “MASS” (Venables and 
Ripley 2002), “stats” (Chambers and Hastie 1992) and “pscl” package (Jackman 2008).  
The distribution of linear landscape elements may have a strong regional component, due to 
the influence of landscape history and different societal demands on cultural landscapes 
(Antrop 2005). To investigate regional differences in the relation between the occurrence of 
landscape elements and location factors, we fitted the regression models independently also 
for separate regions: Scandinavia (excl. Denmark), Western Europe (incl. Denmark), Eastern 
Europe and Southern Europe.  
2.2.4 Model comparison and validation  
The comparison between the different interpolation methods is based on the RMSE and 
Akaike’s Information Criterion (AIC). In order to have an independent dataset for validation 
of the results, 150 sampling squares of 10 km2 were randomly generated in agricultural and 
mosaic land cover areas. Within these sampling squares, 10 eastward transects of 250 meters 
were analyzed using aerial images from Google Earth. These transects were analyzed for 
green lines according to the LUCAS sampling procedures. Transects were replaced in case of 
identification problems. As validation, a comparison was made between the average element 
count per sampling square and the average model outcomes for the same area. An average of 
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10 transects was used instead of individual transects in order to produce a regionally 
representative value rather than to a local value as we wanted to assess the map quality based 
on its representation of regional differences. The procedure is restricted to green lines 
because of the problematic detection of grass margins and ditches from aerial photographs.  
2.3 RESULTS 
2.3.1 Overview mapping results 
The results of the different interpolation techniques are presented in Figure 2-3, 2-4 and 2-5. 
Despite the similarities in the overall spatial patterns, differences were evident between the 
models. The sensitivity of IDW to individual sampling points is reflected in the speckled 
pattern caused by higher local values. This pattern distorts the general pattern, especially 
since local variance in the observations can be associated with very specific conditions or 
anomalous events. The kriging maps produced smoother results in comparison with the 
other mapping techniques, therefore displaying less local variation. The LANMAP 
interpolation map showed the same general pattern as the kriging outcomes, yet with more 
local variation and locally higher values. The results based on regression methods (both 
European and regional maps) showed highly detailed maps, while displaying the same general 
pattern as the other mapping outcomes.  
The maps clearly identify known areas of occurrence for green lines, e.g., Western France, 
Ireland and Galicia (Spain). When comparing the regional averages for the modeled map 
with the averages based on the LUCAS count values (Appendix 2.5), the European 
regression model highly overestimated the values for Eastern Europe (0.42; 0.20, for regional 
averages versus LUCAS count values respectively) and underestimated the values for 
Western Europe (0.48; 0.56). This shows regional differences not captured by the EU-wide 
approach. Agricultural ditches are only expected in limited parts of Europe, due to the 
replacement of ditches by subsurface piping in many countries. The expected prevalence in 
Finland, the Netherlands, France and the Po Valley (Italy) is well reflected in the different 
model outcomes. When comparing the regional averages with the counted values, the 
European regression model clearly overestimated the values for Eastern Europe (0.32; 0.23), 
while these are underestimated (0.18; 0.23) in the regional regression model.  For grass 
margins, the pattern of occurrence showed the widespread distribution and abundance of 
these elements. Areas with many agricultural fields, e.g. in the Northern European Atlantic 
region, are clearly reflected in the patterns. Compared with the counted values, the regional 
regression model had a very large underestimation for Scandinavia (0.01; 0.31) and Eastern 
Europe (0.20; 0.49).  
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Figure 2-3 Modelled density of green lines (counts per 250-m transect) for different 
interpolation methods: (a) inverse distance weights (IDW), (b) ordinary kriging (OK), (c) 
LANMAP interpolation, (d) ZINB regression for Europe, and (e) ZINB regression per 
region.  
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Figure 2-4 (top) Modelled density of ditches (counts per 250-m transect) and Figure 2-5 
(bottom) Modelled density of grass margins for different interpolation methods: (a) inverse 
distance weights (IDW), (b) ordinary kriging (OK), (c) LANMAP interpolation, (d) ZINB 
regression for Europe, and (e) ZINB regression per region.  
The root-mean-squared error (RMSE) values in Table 2-3 indicated the best general model 
fit for the LANMAP interpolation, although for several regions ZINB outcomes have a 
better fit. These results were followed by a weaker fit for IDW, OK and the European 
ZINB. The evaluation statistics indicated the best model fit for the prediction of ditches, 
followed by the prediction of green lines. Grass margins clearly had a lower performance. In 
general, Eastern Europe had the best model fit, while the prediction of Southern Europe is 
more problematic for vegetative linear elements and grass margins. For ditches, the regional 
ZINB outperformed the other models for all regions except Scandinavia. 
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Figure 2-6 Modelled density of grass margins (counts per 250-m transect) for different 
interpolation methods: (a) inverse distance weights (IDW), (b) ordinary kriging (OK), (c) 
LANMAP interpolation, (d) ZINB regression for Europe, and (e) ZINB regression per 
region. 
Table 2-3 Evaluation statistics (RSME and AIC) for five different interpolation methods for 
green lines, ditches and grass margins; Inverse Distance Weights (IDW), Ordinary Kriging 
(OK), LANMAP interpolation and zero-inflated negative binomial (ZINB) regression for 
Europe and four European regions. 
  Green Lines Ditches Grass Margins 
  RMSE AIC RMSE AIC RMSE AIC 
IDW  0.86  0.76  1.11  
OK 0.88  0.78  1.13  
LANMAP interpolation  0.85  0.76  1.10  
ZINB Europe 0.96 258501 0.86 233598  1.18 326129 
ZINB Regional  0.91  0.79  1.17  
 Scandinavia 0.70 28706 1.29 60745 0.84 31288 
 Western Europe 0.99 112897 0.68 81799 1.26 133445 
 Eastern Europe 0.57 34911 0.57 39085 1.06 60532 
 Southern Europe 1.19 72796 0.71 41342 1.31 88621 
Modelling the spatial distribution of linear landscape elements in Europe 
27 
 
2.3.2 Location factors of landscape elements  
The dataset was characterized by a high amount of zeros, which varied from 70-78% for the 
three classes (Figure 2-7). The data were overdispersed, because the variance was in all cases 
greater than the mean, namely for grass margins µ = 1.12 > s2 = 0.46, green lines µ = 0.70 > 
s2 = 0.30 and ditches µ = 0.57 > s2 = 0.26. The overdispersion suggested that the standard 
Poisson distribution was inappropriate for this dataset, which was confirmed by the 
regression model performance. Log likelihood and Vuong tests confirmed at p <0.001 that 
both the ZINB model and the HM model outperformed the Poisson and the NB model. 
The AIC criterion and percentage predicted zeros showed little difference between the HM 
and the ZINB model. Based on the theoretical underlying differences between the models 
the ZINB model was selected for further use, since this model captured best the nature of 
the dataset.  
 
Figure 2-7 Frequency of linear element counts per 250-m transect for green lines, ditches and 
grass margins in the 2009 LUCAS database.  
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Table 2-4 Akaike’s information criterion (AIC), degrees of freedom and percentage of 
predicted zeros for the Poisson, negative-binomial, hurdle and zero-inflated negative 
binomial (ZINB) models for green lines, ditches and grass margins prediction for Europe. 
 
 
Green lines Ditches  Grass margins 
AIC(df) Pred. zeros 
(%) 
AIC(df) Pred. zeros 
(%) 
AIC(df)  Pred.zeros 
(%) 
Poisson 300097(8) 86.1 257363(10) 89.9 378093(11) 78.4 
Negative 
binomial 261786(9) 99.6 236423(10) 99.0 333164(12) 97.9 
Hurdle  258686(17) 100.0 233997(21) 99.3 326117(23) 99.6 
ZINB 258750(17) 100.0 234144(21) 99.2 326040(23) 99.5 
 
The independent variables in the European models are very different depending on the 
category of landscape. For green lines and ditches only the occurrence of cash crops and the 
percentage of agriculture in the surroundings (% Agriculture) are selected as location factors 
in both the count and the zero-inflated model (Table 2-5). Share (%) of cash crops, stocking 
densities of herbivores, percentage of mosaic land in the surroundings and wind speed all 
contributed to an increased amount of green lines (positive for the count model, negative for 
the zero-infl. model). The likelihood of finding green lines decreased upon increasing 
monogastrics density.   
The models show that abundance of ditches was clearly influenced by other variables, 
although it is somewhat surprising that for all variables there is a similar direction for the 
count and the zero-inflated model. A higher density of ditches is expected by increases in 
values of the crop share (%) of cash crops, soil depth and the occurrence of leader policy 
sites. The variables for grass margins overlapped with parameters from the ditches and green 
lines model, with a positive influence on the amount of margins by the presence of 
monogastrics, leader sites and percentage of agriculture and mosaic landscape.   
The regional ZINB regression models show a large variation in models between the different 
regions (Appendix 2.2 to 2.4). Similar to the main conclusion from the European regression 
models, the regional results indicated distinct different independent variables for green lines 
and ditches, and to a lesser extent for grass margins. An example is elevation. While green 
lines have a positive relationship with elevation, this is the opposite for ditches and grass 
margins, which are both more likely to occur in low or flat areas. This can be explained by 
the different type of origin of the elements within the landscape; while green lines often 
occur in rolling or hilly cultural landscapes, ditches are expected in low or flat former 
wetland or peatland areas. 
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The regional occurrence for green lines was related positively to accessibility and land use in 
the surroundings. In Western Europe, wind speed was the second most influential 
coefficient on the spatial distribution of green linear elements. This can be explained by the 
function of green lines, especially tree lines, for wind reduction. For the regional occurrence 
of ditches, biophysical components were most important, which was reflected in 
independent variables such as the amount of rain and soil depth. Ditch occurrence also 
displayed a negative relationship with population density. These factors are reflected in the 
main characteristics of cultivated areas, often with intensive agriculture, which were formally 
peatland or wetland (Herzon and Helenius 2008). Southern Europe had distinct variables 
related to the distribution of the elements in this region, most importantly agroforestry and 
permanent crops. These land use classes mainly occur in Southern Europe. Agroforestry had 
a negative relationship with green lines and grass margins, while there was a positive 
relationship with ditches.  
2.3.3 Validation  
The validation results presented in Table 2-5 are restricted to green linear elements given the 
mentioned difficulties to validate ditches and grass margins using aerial imagery. The results 
indicate that the regional ZINB regression gave the best representation of green linear 
elements, followed by the LANMAP interpolation, OK and the EU ZINB regression model. 
This pattern broadly confirms the model fit as analyzed by the evaluation statistics of the 
models. The outcome also indicates that while results are good for Scandinavia and Western 
Europe, they are much weaker for Southern and Eastern Europe. 
Table 2-5 Pearson correlation coefficients (r) between an independent validation dataset and 
interpolated  LUCAS point data on green lines using ordinary kriging (OK), LANMAP 
interpolation and zero-inflated negative binomial regression  for Europe (ZINB EU) and 
four European regions (ZINB Reg.).   
 n IDW OK LANMAP ZINB EU ZINB Reg. 
Europe 137 0.48** 0.48** 0.50** 0.43** 0.55** 
Scandinavia 17 0.70** 0.75** 0.75** 0.50* 0.71** 
Western Europe 58 0.56** 0.54** 0.55** 0.36** 0.63** 
Eastern Europe 28 0.08 0.17 0.21 0.18 0.23 
Southern 
Europe 
33 0.24 0.20 0.21 0.21 0.14 
Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001   
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2.4 DISCUSSION AND CONCLUSIONS  
Information on the spatial distribution of linear landscape elements is essential for the 
assessment of the role of landscape structure on ecological processes and ecosystem services. 
The objective of this paper was to produce a density map of linear landscape elements with 
full European coverage, with a focus on structuring linear vegetation elements, grass margins 
and ditches. Since current techniques do not allow to map such elements at broad spatial 
scales from remote sensing data, an alternative approach based on the interpolation of 
ground-based observations was selected. Different methods for interpolating these 
observations to a full coverage for agricultural areas were analyzed, validated and presented 
for the whole of agricultural areas in the European Union. This section will discuss the 
strengths and weaknesses of the alternative approaches evaluated to construct such maps as 
well as the possible uses of the presented database.   
The results showed that all maps were able to detect the main areas of occurrence of linear 
elements, but that there was a large difference between interpolation methods used. The 
LANMAP interpolation and the regression methods both incorporated a representation of 
the underlying environmental factors that explain the occurrence of landscape elements in 
the landscape, while the interpolation based on kriging only captured the auto-correlative 
element in the landscape structure distribution. However, the independent validation of the 
LANMAP interpolation approach indicates that it is not only the physical landscape that 
explains the occurrence of landscape elements.  
The regionally estimated regressions captured the overall European pattern best. Sub-
regional information is able to capture the regional specific determinants of landscape 
elements. Regional differences may be explained by the different land use systems and 
cultural characteristics of the different regions. However, for some regions the explanatory 
strength of considered factors was moderate and also the validation results indicate that a 
considerable uncertainty remains. This is largely due to the complex role and origin of linear 
landscape elements within the landscape, which is not captured by the factors considered. An 
example is the contrasting result for green lines in Eastern Europe, with a low RMSE and no 
significant statistic for the independent validation.  
The regression models provide more insight in the determinants of landscape elements. 
Contrasting relationships for elevation and population factors for green lines and ditches 
respectively indicated that these elements are expected in distinct different landscape types. 
Green lines are mainly expected in rolling or hilly areas with high accessibility, agricultural 
and mosaic land in the surrounding areas and shallow soils. These regions can be found in 
cultural landscapes with a long history of cultivation. For Western Europe, place with higher 
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wind speed are expected to have more green linear elements, confirming the role of  green 
lines as control of physical fluxes in the Western Atlantic region (Baudry et al. 2000). While 
the conservation of green lines is often part of policy measures, this is minimally reflected in 
the independent variables.  
The main function of drainage ditches is the gain of cultivated land in wetland and peatland 
areas, combined with erosion prevention and the improvement of efficiency of farming 
operations (Herzon and Helenius 2008). Therefore, ditches are expected in low or flat 
landscapes with a high amount of rain and deep soils. Ditches are also most likely to occur in 
areas with a low population density, which is reflected in the positive relationship with 
Leader sites and LFA zones for Scandinavia and Western Europe as well. The most 
prominent area in all model results is the Po Valley (Italy). The high density of ditches in this 
area is caused by the drainage system, Larga Ferrarese, which consists of rectangular fields 
with drainage ditches (Borin et al. 1997).  
The occurrence of grass margins in Europe is high, as reflected by the model results and 
literature (Marshall and Moonen 2002; Zimmermann 2006). Grass margins occur in areas 
with mosaic and agricultural lands in the surroundings, often in low or flat areas. However, 
there are large regional differences between the farm-related variables of influence, most 
likely due to the different origins of the grass margins which can vary between pure policy 
regulated set-aside grass margins to semi-natural areas on abandoned lands or along roads 
and waterways (Marshall and Moonen 2002).  
2.4.1 Methodological limitations 
The main challenge for the development of the map of linear landscape elements is the 
availability of appropriate observation data. In this paper, we presented an approach that 
models the occurrence of linear landscape elements based on observations along relatively 
short transects. The detection of landscape elements is influenced by the transect length and 
the density of transects. An indicator for representation of the actual landscape by the 
transects is the relationship between the information of individual LUCAS points and the 
validation squares. Since the information of the validation squares is an average of ten 
transects in a small area it provides a better representation of the landscape. Analysis showed 
a positive significant relationship between the counts at the LUCAS sampling points and the 
counts in the validation squares (r = 0.37, p <0.01; all points), which becomes more positive 
when more LUCAS sample points occur within one validation square (r = 0.66, p <0.01; >5 
LUCAS sample points per validation square). The scatter is comparable to the validation 
outcomes and decreases when more points are taken into account. Therefore, the number 
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and location of sampling points has a strong impact on the validity of the representation of 
the landscape structure.  
The Eastward direction of all transect observations in the LUCAS database has possibly also 
an influence on the representation of the landscape structure. Directionality is inherently 
present in landscapes, e.g. caused by aeolian or geological processes (Forman 1995; 
Ramezani and Holm 2011). Moreover, since hedgerows were often created as windbreaks in 
several European landscapes that have dominant wind directions (Burel 1996), the fixed 
direction of the transects may lead to a structural deviation in the count of linear landscape 
elements. 
The modeling results showed the best validation statistics for ditches, followed by green lines 
and grass margins. This difference may be explained by the strong biophysical determinant 
of the use of ditches and the longevity of green lines, while grass margins are often 
temporary features of farm management. Green lines, including hedgerows and tree lines, are 
prominent in the field and are often historically present in the landscape. Rackham (1986) 
even describes them as “landscape ghosts”, since trees and hedges live twice as long as the 
average farm business. Uncertainties are further related to the determination in the field and 
the suitability of independent variables. For drainage ditches, the field detection is often 
problematic, since most ditches have an intermittent stream and are overgrown with 
vegetation (Herzon and Helenius 2008). The detection of the grass margins is problematic 
due to their low sward height and seasonal changes.  
The regression model results are dependent on the socio-economical and biophysical 
variables accounted for. The processes underlying regional processes may not be well 
represented by the independent variables in the model, especially since historical and cultural 
data is difficult to capture into spatial datasets. Historical processes are important for linear 
landscape elements, since they have a traditional agricultural function and therefore reflect 
the adaptation in land use and spatial structure as a reaction to societal demands. For 
instance, the present remnants of enclosed landscapes originate from changing values on 
natural resources and hunting in the North-Western part of Europe in the 18th and 19th 
century (Antrop 2005). Literature review reveals that there are several driving forces that play 
a role for occurrence of linear landscape elements, including aesthetic preference of land 
managers and inhabitants (Hersperger and Bürgi 2009), property limits and historical re-
allotment programs (Baudry et al. 2000). Spatial data representing these processes are not 
available at the European scale and can therefore not be included in the analysis. 
Another limitation of the dataset is related to the choice of indicator. Instead of providing an 
indication of the density of landscape elements an indication of the total length of the linear 
elements would be preferred. The choice for the density indicator is related to the method of 
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measurement within the LUCAS dataset. However, further study can assess the relationship 
with the length of elements (Mücher et al. 2009). Alternatively an indication of total length 
based on the line intersect sampling (LIS) based method of Matérn (1964) and de Vries 
(1986) can be used.  
2.4.2 Ways forward  
The development of indicators for landscape structure presented in this paper makes a 
valuable contribution to the representation of landscapes beyond the dominant land cover 
(Verburg et al. 2009). The map presented can improve the linkage with regional scale 
environmental assessments, such as ecosystem services assessment, high nature value (HNV) 
farmland assessment and biodiversity assessments.  The presented maps can also contribute 
to a more detailed European investigation of the role of the spatial arrangement of landscape 
elements with species richness and biodiversity.  
However, this study has presented static maps and therefore do not indicate regions of 
change. Frequent monitoring is needed to determine these changes. Since the LUCAS 
database is updated every 2-3 years, this could become an important database to calculate 
these changes in the future. The mapping outcomes can be improved further when the 
uncertainties and limitations of the mapping approach are addressed in more detail.  
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3. A TYPOLOGY FOR THE DIVERSITY IN COMPOSITION, SPATIAL STRUCTURE AND 
MANAGEMENT INTENSITY OF EUROPEAN AGRICULTURAL LANDSCAPES 
 
ABSTRACT 
Comprehensive maps that characterize the variation in agricultural landscapes across Europe 
are lacking. In this paper we present a European-wide, spatially-explicit typology and 
inventory of agricultural landscapes that can be seen as a first step towards a comprehensive 
regional framework for comparison of agricultural landscapes across Europe. Agricultural 
landscapes types were characterized at a 1 km2 resolution based on European-wide datasets 
that represent land cover, land management intensity, and landscape structure. Two 
approaches for typology development were used: (1) a top-down approach, based on expert 
rules and supervised threshold selection, and (2) a bottom up approach, based on automated 
clustering using Self Organizing Maps (SOMs). Comparison with available national and 
European landscape typologies showed that our typology deviates from existing biophysical 
and anthropocentric landscape typologies, due to the inclusion of land management aspects. 
Concordance occurred between specific landscape classes, especially in mosaic landscapes, 
while the comparison with national landscape typologies showed a correspondence in 
general landscape patterns. Our agricultural landscape typology can provide a basis for 
landscape assessment at a European-scale to help to identify landscape types prone to 
change and landscapes that may require policy response.  
 
Based on: 
Emma H. van der Zanden, Christian Levers, Peter H. Verburg and Tobias Kuemmerle. A 
typology for the diversity in composition, spatial structure and management intensity of 
European agricultural landscapes. Accepted for publication in Landscape and Urban Planning. 
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3.1 INTRODUCTION 
Land use has transformed more than 80% of the global land surface, by conversion of 
natural ecosystems into agriculture or cities or by using natural ecosystems at varying 
intensity (Ellis et al. 2010). While much research has focused on how land conversions create 
agricultural and other human-dominated landscapes (Ramankutty et al. 2006; Verburg et al. 
2013a), much less attention has been paid to characterizing the spatial variation in 
agricultural landscapes that have developed in relation to the variation in management 
intensity within these landscapes, even though management intensity is a main driver of rural 
landscape change in many world regions (Sayer et al. 2013). 
Three important dimensions of present-day agricultural landscapes are land cover, landscape 
structure and land management (Verburg et al. 2013a). Land cover types and their 
arrangement determine the overall agricultural type. Land management refers to the “ways in 
which humans treat vegetation, soil, and water” for a specific purpose (Lambin et al. 2006); 
in other words, the land use practices that people carry out within broad land cover types. 
Examples of such practices include use of fertilizers or pesticides, irrigation schemes and 
tillage (e.g. Follett 2001; Erb et al. 2013). Land management can impact landscape 
functioning and ecosystem services supply substantially (Tscharntke et al. 2005; Zhang et al. 
2007). While such effects have been extensively studied at the local scale (e.g. Shriar 2000; 
Herzog et al. 2006), the spatial patterns of land management at regional to global scales, and 
thus their impacts on ecosystem functioning, services and biodiversity, are often ignored 
(Kuemmerle et al. 2013; Verburg et al. 2013a). Landscape structure refers to the, scale-
dependent, spatial heterogeneity of the landscape (Turner 1989), for example the 
arrangement of land uses or cropland fields, or the prevalence of linear landscape elements 
(e.g., hedges, ditches, terraces) (Paracchini et al. 2012; Kumaraswamy and Kunte 2013). On a 
regional scale, landscape structure is closely linked to ecosystem services provisioning, 
especially for a number of regulating services (e.g. erosion prevention, pollination) and 
cultural services (e.g. landscape aesthetics and tourism) (Pinto-Correia and Breman 2008; 
Power 2010; Syrbe and Walz 2012; van Zanten et al. 2013), as well as the biodiversity-
friendliness of agricultural landscapes (Burel and Baudry 1995; Dramstad et al. 2001).  
Land cover, land management intensity, and landscape structure are also central features 
differentiating landscapes with exceptional cultural heritage and values (Plieninger et al. 
2006). Cultural landscapes – a term adopted in the 1990s by international bodies as a 
conservation category (Jones 2003) –often have relatively high structural complexity, 
traditional, low-intensity landscape practices and historical elements, altogether contributing 
to the often exceptional value of these landscapes (Antrop 2005; Fischer et al. 2012; 
Plieninger and Bieling 2012). Many cultural landscapes, however, have recently undergone 
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stark transformations as new land use paradigms based on more intensive agricultural 
production are adopted (Vos and Meekes 1999). 
Europe is particularly rich in landscapes which are recognized for their natural and cultural 
heritage (Vos and Meekes 1999). For instance, the importance of low-intensity agriculture for 
maintaining cultural landscapes is widely recognized (Dieterich and van der Straaten 2004; 
Fischer et al. 2012). Historical socioeconomic and institutional events shaped landscape 
structure and are visible today. An example is the currently high level of fragmentation of 
ownership and field sizes in post-socialist countries, which is a result from collectivization of 
land during the socialist time and the re-privatization processes since 1989 (Kuemmerle et al. 
2008; Hartvigsen 2014). Conserving European cultural landscapes, as well as their cultural 
and natural heritage has received increased attention in European policy making recently, 
with the introduction of the High Nature Value (HNV) farmland concept as the clearest 
example (Robinson and Sutherland 2002; Paracchini et al. 2008; EEA 2010b; Kleijn et al. 
2011; Walz and Syrbe 2013). Furthermore, specific EU policies, such as the Common 
Agricultural Policy (CAP), increasingly promote a landscape-based approach (Paracchini and 
Capitani 2011), although there is also critique on the dominant environmental focus of 
landscape management in these policies (Agnoletti 2014).  
To better understand the large spatial heterogeneity of agricultural landscapes across Europe, 
and to monitor changes in landscape functions and values, it is necessary to reduce the 
complexity in agricultural landscapes to manageable units that could be an interesting target 
for policy-making at the European scale. Several initiatives have sought to identify and 
classify landscapes in Europe since the 1990s (Paleo 2010), including the Pan-European 
Biological and Landscape Diversity Strategy (PEBLDS, Council of Europe 1996) and the 
European Landscape Convention (ELC, Council of Europe 2000). The ELC stimulated 
member states to identify and assess the national landscapes and their features, but with a 
focus on member state autonomy and a clear subsidiarity principle (Council of Europe 
2000). Thus, the national landscape maps differ substantially in mapping approaches (see 
Appendix 3.1), data sources, and the underlying landscape-concept (i.e., interpretation of the 
role of humans in the landscape) (see Angelstam et al. 2013 for an overview; Groom 2005; 
Cassatella and Voghera 2011). Substantial progress in developing a Pan-European Landscape 
map, an important action theme of the PEBLDS (Council of Europe 1996), were made. 
Meeus (1995) developed a qualitative classification of traditional European landscapes. 
Building on this, Mücher et al. (2010) developed a Landscape Map (LANMAP) aimed to give 
an overall classification of landscape types in Europe and based on quantitative spatial 
analysis and a consistent classification framework. However, previous research efforts have 
not incorporated key dimensions that are important for differentiating agricultural 
landscapes, such as land management and landscape structure. 
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Our main objective was to focus on this research gap, by developing a typology of the 
diversity in composition, spatial structure and management intensity of European agricultural 
landscapes. By focusing on these selected dimensions, we aim to provide a generic basis (i.e. 
independent from specific location or geographic context) for assessment and comparison of 
agricultural areas at a European-scale. Such an approach is highly complementary to existing 
classifications and typologies which mainly capture biophysical dimensions of landscapes in 
great detail. As traditional approaches in typology development either take a top-down or a 
bottom-up approach, we compared two alternative mapping approaches: an expert-based 
top-down, and a bottom-up approach based on automated clustering, as a second objective. 
Europe is an interesting case for such analysis, as landscape characterization and assessment 
is a key aspect in European landscape research (Plieninger et al. 2013). But the typology 
development  also provides a methodological example for the delineation of agricultural 
typologies for other world regions moving beyond the standard approach of characterizing 
differences in landscape and land use by their dominant land cover only (e.g. Busch 2006; 
Verburg et al. 2013a). The representation of critical aspects of agricultural landscapes is 
currently lacking on a regional scale, while progress has been made with global scale 
typologies (see Verburg et al. 2013). Improved representation of agricultural landscapes 
within sub-global assessments can furthermore clarify landscapes’ influence on 
environmental change (Verburg et al. 2013a).  
3.2 MATERIALS AND METHODS 
Traditional approaches to develop landscape typologies using geospatial data have applied 
either a top-down or bottom-up approach. In a top-down approach, the typology is 
commonly based on a decision tree defined by expert rules and supervised threshold 
selection (Maxwell & Buddemeier, 2002). A bottom-up approach, in contrast, determines 
landscape types based on groups of locations that have similar characteristics, usually with 
the help of statistical clustering methods. We used both of these approaches, specifically a 
top-down expert-based classification and a bottom-up approach based on automated 
clustering using Self Organizing Maps (SOMs) (see Figure 3-1), based on the same input data 
for the land cover, land management and landscape structure dimensions of agricultural 
landscapes. We then carried out a map comparison to assess the influence of methodology 
on the resulting maps. 
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Figure 3-1 Methodology of agricultural landscape typology development 
3.2.1 Datasets used  
To represent the land cover, land management and landscape structure dimensions of 
agricultural landscapes, we used a range of independent datasets which are publicly available 
for the territory of the European Union (Table 3-1). Regarding information on land cover, 
we used the CORINE land cover (CLC) map (EEA 2005) to select agricultural areas (using 
non-irrigated arable land (CLC 2.1.1), permanent crops (CLC 2.2), pasture (CLC 2.3) and 
heterogeneous agricultural areas (CLC 2.4). We aggregated this information to 1x1 km2 raster 
cells using a majority rule. 
Regarding information on land management, we used nitrogen input as indicator as a proxy 
for the use of capital-intensive inputs to agriculture. Nitrogen input is often used as an 
indicator for agricultural intensification due to its strong effects on the biodiversity of 
agricultural landscapes, although a combination of different indicators may better capture 
patterns of intensity (Herzog et al. 2006; Erb et al. 2013). We created the nitrogen input map 
following Temme and Verburg (2011) and Overmars et al. (2014). This approach was chosen 
as the resulting pixel-based maps were more suitable for our purpose than nitrogen input 
levels reported in statistics for national or sub-national administrative units. The approach to 
create nitrogen input maps starts with nitrogen input levels (kg/ha) at sub-administrative 
level (NUTS 2) per crop type per administrative unit, available from the Common 
Agricultural Policy Regionalized Impact modelling System (CAPRI; Britz 2005; Leip et al. 
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2008). These nitrogen input levels were downscaled to the pixel level using point-based crop 
observations in the same administrative units assuming that the cropping pattern can serve as 
a proxy for the variation in nitrogen application within an administrative unit. We used 
point-based observations from the 2003 and 2006 land use/cover area frame statistical 
survey (LUCAS) database (~150.000 sample points) (Delincé 2001; Gallego and Delincé 
2010). The LUCAS project, which has currently five sampling years (2001, 2003, 2006, 2009 
and 2012), aims at the collection of field observations and includes information on land 
cover/use and additional visual information, e.g. slope, ﬁeld size, water management and 
grazing (Eurostat 2009a). For the recent years when the surveys were implemented, the 
number of sample points was extended and the sampling scheme was adjusted (Gallego and 
Delincé 2010). The possible influence of different sampling schemes on the nitrogen input 
was evaluated by Temme & Verburg (2011) that showed that the higher spatial 
autocorrelation in the 2003 LUCAS dataset does not strongly affect the results of the 
method. 
Table 3-1 Input data for the classification of the diversity in composition, spatial structure and 
management intensity of European agricultural landscapes. 
Agricultural 
landscape 
dimension Dataset  Unit Resolution 
Time 
period  Source Validation 
Dominant 
land use 
CORINE 
Land 
use/cover 
Area (250m) 1 km2 2006 CLC 2006 land 
cover 
(www.eea.europ
a.eu/data-and-
maps/) 
 
 
Land 
management 
Fertilizer 
application 
rates  
N application 
class (kg 
N/ha) 
1 km2 2003
-
2006 
Temme & 
Verburg (2011), 
Overmars et 
al.(2014)  
The intensity classes 
are tested by 
reviewing the data 
assignment to 
irrigated vs. non-
irrigated areas 
(CORINE 2000). 
Landscape 
structure 
Field size  Size class in 
ha 
1 km2 2009 Kuemmerle et 
al. (2013) 
In Appendix 3.2.  
Landscape 
structure 
Linear 
landscape 
elements 
Number of 
intersections 
with elements 
1 km2 2009 van der Zanden 
et al. (2013) 
Independent 
validation of green 
lines based on aerial 
photographs  (van 
der Zanden et al. 
2013) 
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The approach reclassified the CAPRI based nitrogen application rates assigned to each 
LUCAS point into three classes: low (<50 kg N/ha); medium (50-150 kg N/ha) and high 
(>150 kg N/ha), based on the variation of nitrogen application rates throughout Europe (see 
Leip et al. 2008) and the relevance of these levels for biodiversity in agricultural areas (Kleijn 
et al. 2009). With respect to agro-biodiversity, a threshold of <50 kg N/ha is indicative of 
low fertilizer inputs (Atkinson et al. 2005; Tallowin et al. 2005). While thresholds for very 
intensive arable land vary, Billeter et al. (2008) report a negative relationship between 
vascular plant species and intensively fertilized land (>150 kg N/ha). After the 
reclassification of the nitrogen input levels the point observations were extrapolated to all 
cropland pixels using country-specific multinomial regression models and a set of 
environmental and socio-economic location factors. Grassland was modeled using a different 
approach, where we estimated nitrogen input based on local cattle stocking densities using 
livestock maps from Neumann et al. (2009) and assuming a uniform quantity of 100 kg N/ha 
per cow per year (Van der Hoek 1998; Grinsven et al. 2015), based on total N of dairy cattle 
minus the N in animal products (e.g. milk). Following the approach of Temme & Verburg 
(2011), nitrogen input was reclassified into two classes, extensive (< 50 kg N/ha) and 
intensive (> 50 kg N/ha) grasslands, as not enough observations were present to warrant a 
third class. 
As indicators for landscape structure, we used field size and the density of green linear 
landscape elements. Field size captures the spatial configuration of fields as well as important 
components of land management history, as current field size is often influenced by field 
patterns of the past (e.g. Sklenicka et al. 2009). Also in other studies field size is used as a 
variable to characterize the agricultural landscape structure (Geiger et al. 2010).We based the 
field size information on the 2009 LUCAS database which provides field size information at 
the sampling point based on observers estimating the size of the agricultural parcel belonging 
to one out of the following classes: 1) less than 0.5 ha, 2) greater/equal 0.5 ha and less than 1 
ha, 3) greater/equal 1 ha and less than 10 ha, 4) greater than 10 ha (Eurostat 2009a). We 
interpolated the field size class information to a 1 km2 raster with European coverage using 
an Ordinary Kriging method (K-means variogram model with 50 observation points in the 
search radius), which gave the best results in a comparison of different kriging methods. 
Comparable field size classes and method are used for mapping field size on a global scale by 
Fritz et al., (2015). We validated the field size information using 150 randomly generated 
10 km by 10 km sampling squares in agricultural and mosaic landscapes. In these sampling 
squares, the field size was analyzed for 5 random points according to the LUCAS sampling 
procedures using high-resolution images from Google Earth. For further details on the 
validation, we refer to Appendix 3.2.  
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Linear landscape elements provide important interconnections in heterogeneous landscapes 
and are explicitly acknowledged as important cultural features, linked to recreational, 
aesthetical, and heritage values (Burel and Baudry 1995). Green linear landscape elements 
also provide important ecological functions, such as ecological corridors, pollution control, 
pollination, and erosion and wind control (see overview in van der Zanden et al. 2013). 
Other landscape elements such as agricultural ditches, terraces or grass margins are also 
potentially important (Oslon et al. 2007; Herzon and Helenius 2008), but not included here 
due to data limitations. We used a map of linear landscape elements described in detail in van 
der Zanden et al. (2013). As a basis for this map, the transect information on linear elements 
from the 2009 LUCAS database was used. On each 250 m transect, surveyor’s report 
crossings of linear landscape features (features wider than 1 m and at least 20 m long, except 
for walls and fences). This information was collected for 19 classes of linear landscape 
elements, of which a combination of avenue trees, conifer and bush/trees hedges (managed 
and non-managed), grove/woodland margins, heath/scrub and dry stone walls were selected. 
Van der Zanden et al. (2013) interpolated the point count information per transect to the 1 
km² pixel level using Zero-Inflated Negative Binomial (ZINB; Lambert 1992) regression 
models, with different biophysical and socio-economic location factor data as independent 
variables.  
Several case studies highlight linkages between agricultural intensity and landscape structure, 
although such broad generalizations can be misleading (Roschewitz et al. 2005). For example, 
Rodríquez and Wiegand (2009) investigated machine-efficiency originating field enlargement 
in Southern Spain, as agricultural intensification and scale-enlargement often leads to an 
increased field size. Thenail (2002) and Thenail and Baudry (2004) analyzed the influence of 
a gradient of decreasing hedgerow density and increasing field size, showing that a decrease 
in hedgerow density was related to increased production and technical means in dairy farms. 
Land use allocation in farms was also dependent on hedgerow density, thereby influencing 
the landscape structure.  
3.2.2 Expert-based typology  
Landscape typologies are often based on a combination of expert-based rules and numerical 
analysis. A notable example of this approach is Meeus (1995), who developed the first 
approach towards a European landscape map by qualitatively combining information from 
national typologies, maps and scientific expertise. In several national typologies this method 
was also used, ranging from pure expert-based interpretation (e.g. Hungary; Márton 1989) to 
the combination of thematic maps to form a composite map (e.g. Lithuania; Kavaliauskas 
and Veteikis 2006). In general, expert-based landscape typologies can be described as top-
down, hierarchical delineations in which the subdivision of an area is based on a synoptic 
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view and usually executed by expert rules and supervised threshold selection. Such 
classifications are typically based on a limited number of variables to keep the interpretation 
of classification trees manageable (Maxwell and Buddemeier 2002; Van Eetvelde and Antrop 
2009).  
For the division of the land cover categories, we relied on the CORINE land cover classes 
arable land, grassland, permanent crops and mosaic land cover. We reclassified the linear 
landscape elements map (van der Zanden et al. 2013) into two classes: presence and non-
presence, to distinguish open and more enclosed landscapes. We chose the threshold for this 
division based on the correspondence with presence of known areas of enclosed landscapes 
within European typologies (bocage and semi-bocage) and documentation of the 
characteristics of these landscapes (e.g. Zimmermann 2006 and the digitized version of the 
Meeus landscape map in Stanners and Bourdeau 1995). We aggregated the field size classes 
into three classes: small-scale (< 1 ha), medium (1-10 ha) and large (>10 ha), based on 
presence of these classes in the study area. For the nitrogen input, we used the classes of the 
original dataset.  
 
Figure 3-2 Simplified version of the agricultural landscape classification decision tree. A 
detailed version of the expert-based decision tree is available in Appendix 3.3. 
To delineate the landscape classes we developed an expert-based decision tree in order to 
follow a systematic classification of landscape types (Figure 3 2). To prevent delineation of 
too many classes, we combined classes with overlap in character into meaningful aggregates 
based on secondary information such as country reports, national typologies and informal 
consultation with landscape experts. Furthermore, if classes were negligible in area for the 
European Union (<1%) they were merged into higher level classes. For example, 
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enclosedness is an important element of several grassland and mosaic landscapes, but had 
little value to distinguish different arable landscape types (see Appendix 3.4 for all possible 
class combinations and related areas).   
3.2.3 Self-organizing maps 
Automated clustering as a classification tool has been used in many landscape stratifications 
to visualize high-dimensional data in fewer, often two, dimensions. A method that includes 
both dimensionality reduction and clustering is the self-organizing map (SOM) algorithm 
(Kohonen 2001). SOMs are based on an unsupervised competitive learning algorithm and 
are part of so-called Artificial Neural Networks (ANNs) techniques. The aim of SOMs is to 
reproduce the geographic topology of the input data, i.e., try to keep the same neighbors, 
while grouping the data and reducing their complexity. SOMs can therefore be thought of as 
a spatially-constraint form of k-means clustering (Ripley 1996). SOM-based algorithms have 
been widely applied in various fields, including geographic information science (Kohonen 
2001; Agarwal and Skupin 2008).  
The general structure of an ANN consists of a set of input nodes and a set of output nodes, 
which are also described as neurons or processing/computational units. When using a k-
mean clustering analogy, every computational unit in a SOM corresponds to a cluster and the 
number of clusters is determined by the size of the SOM grid (Wehrens and Buydens 2007). 
In the standard procedure, the SOM algorithm is repeated for a number of successive 
iterations until the output nodes are representing the input patterns that are closer to these 
nodes (vector quantization). During this iteration and optimization process, a non-linear 
relationship between the input data space and the SOM grid is established. Consequently, 
every sample in the dataset is mapped to the nodes, which “centroid” characteristics are 
represented by a codebook vector (vector projection). The SOM grid is usually arranged in a 
rectangular or hexagonal fashion, and presents the most similar units close to each other. 
Both the SOM grid type and the size of the SOM grid need to be determined before the 
algorithm is applied (Agarwal and Skupin 2008). For a complete overview of the SOM 
methodology, see Kohonen (2001). 
We conducted the SOM analysis in R, using the package ‘kohonen’ (Wehrens and Buydens 
2007). First, we normalized the variables by scaling them to zero mean and unit variance. For 
linear elements information, we used the reclassified map (presence/non-presence). An 
appropriate size of the output SOM grid depends on the input data and, in this case, on the 
meaningful and efficient representation of landscape categories. If the SOM grid is too small, 
many samples (pixels) will be mapped together, while empty clusters start to occur when the 
SOM grid is too large. We determined the size of the SOM grid by focusing on a natural 
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breakpoint in the distance of the samples to the codebook vector of the SOM and the 
Davies-Bouldin clustering validity index. The Davies-Bouldin index represents the ratio of 
the sum of within-cluster scatter to between-cluster separation and, therefore, the objective is 
to minimize the index during a clustering procedure (Davies and Bouldin. 1979).  
3.2.4 Comparison with other landscape classifications 
To assess the relationship between our typology and widely used European datasets, we 
compared our expert-based and SOM typology with selected classifications that capture 
different dimensions of the agricultural landscape using MapCurves, a goodness-of-fit test 
for the spatial concordance of categorical maps (Hargrove et al. 2006). The test indicates the 
degree of spatial overlap, or positive spatial correlation between maps with the same spatial 
extent. The goodness-of-fit (γ) is expressed by Equation 3-1: 
𝛾𝛾 =  ∑ �� 𝐶𝐶
𝑁𝑁+𝐶𝐶
� �
𝐶𝐶
𝐴𝐴+𝐶𝐶
��                (3-1) 
The first term here indicates the proportion of category sharedness between two maps, 
determined by the intersection of a category between two maps (C) and the total area of a 
category on the reference map (B). The second term weights by fractional share of the 
category area; (A) is the total category area on the compared map.  The score ranges between 
0 and 100, 100 being a perfect correspondence (Hargrove et al. 2006).  
3.3 RESULTS 
3.3.1 Expert-based typology 
Although the agricultural landscape types of the expert-based typology are generic across 
Europe, the spatial patterns of occurrence of the different agricultural landscape types 
showed clear regional differences (see Figure 3-3, with a detailed legend in Figure 3-4). 
Intensive arable land was present throughout Europe, but there was a distinct pattern of very 
intensive arable lands in Western Europe, with large-scale areas in France, Southeastern UK, 
Germany and the Po Valley (Italy). The scale and intensity of arable land in the 
Mediterranean and Eastern European countries was more limited. Small-scale arable practice 
was limited to local areas, but also occurs throughout Europe. Dominant grassland 
landscapes were present in the countries in the Atlantic region and smaller areas in Austria 
and Poland. For grassland, there was no clear regional divide between the more extensive 
and intensive areas. Enclosed grasslands occurred in large continuous areas; geographically 
limited to the Western UK and Ireland, Northern Germany, Northern Netherlands and 
Bretagne (France) and Central France. The enclosed mosaic landscapes were generally linked 
to the enclosed grassland areas, with the exception of Galicia (Spain) which was 
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characterized by a mixture of extensive and intensive enclosed mosaic lands. The open 
mosaic landscapes occurred in different areas that were sometimes characterized by 
viniculture.  
 
Figure 3-3 Agricultural landscapes types as delineated by the expert-based typology. For 
visibility purposes, only areas > 10 km2 are displayed.    
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Figure 3-4 Detailed legend for the agr. landscapes as delineated by the expert-based typology 
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3.3.2 SOM results 
The number of SOM clusters was determined by analyzing the natural breakpoints in a 
number of performance indicators upon an increase in number of clusters. Figure 3-5 shows 
the mean and standard deviation of the distance of values to the codebook vector and the 
Davies-Bouldin Index value. The clustering indices showed a natural breaking point at 12 
clusters. A further comparison of the resulting classifications of the 3x4 and 4x5 SOM grids 
confirmed that 12 clusters capture the main variation between the landscapes well.  
 
Figure 3-5 Mean and standard deviation of the distance of values to the codebook vector and 
the Davies-Bouldin Index value for an increasing number of clusters. 
A SOM plot gives information on the specific relation between the input data and the SOMs 
(Figure 3-6). The spatial location of the cluster in the segment plot indicates the similarity 
with the other clusters while the segments indicate the contribution of the different variables 
in determining the cluster. The segment plot indicates two general groups of agricultural 
landscapes: 1) arable landscapes that mainly vary in land management (top-right) and 2) 
mosaic and grassland landscapes defined by landscape structure (bottom-row).    
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Figure 3-6 Segment plot of 3x4 SOM clusters with their cluster number and the distance of 
each cluster to the winning unit. 
Figure 3-7 shows the agricultural landscapes as delineated by the SOM typology. An 
interpretation describing the different clusters and the average values of the non-
standardized values of the different input datasets are available in Appendix 3.5 and 3.6. 
Figure 3-8 shows the map of the distance of each raster cell to the codebook vector, which 
can be regarded as a quality assessment of the classification procedure. Regions with a large 
distance to the winning SOM unit are Southern Spain, Northern Ireland and Brittany 
(Western France). This indicates that in these regions, the assigned SOMs are not optimal to 
capture the variability in occurring agricultural landscapes.   
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Figure 3-7 Agricultural landscapes as delineated by the SOM based typology. A detailed 
legend is available in Appendix 3.5    
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Figure 3-8 Distances of raster cells to the codebook vector of the 3x4 SOM clusters. Low 
values indicate a good quality of mapping. 
3.3.3 Comparison between mapping approaches  
Spatial comparison between the two different approaches to construct the typology shows 
that there is, in general, a large overlap between classes. Such overlap between both 
methodologies is not surprising as both the expert-based and SOM method aim at 
classification of the diversity of the composition, spatial structure and management intensity 
of agricultural landscapes. An exact overlap exists between three SOM classes (cluster 8, 9 
and 11) and expert-based classes (large-scale extensive arable land, medium-scale intensive 
arable land and large-scale very intensive arable land respectively), while cluster 10 is a 
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combination of the small-scale and large-scale permanent crops classes. A cross-tabulation 
between the mapping approaches is available in Table 3-2.   
In general, the differences are caused by the aggregation of the more specific expert-based 
categories in single classes in the SOM classification. For example, cluster 3 in the SOM 
(“enclosed grassland”) includes both small-scale and enclosed grassland classes of varying 
intensity and scale. SOM cluster 12 (“large-scale arable land”) includes large-scale arable 
classes from all intensities of the expert based typology. Some classes that are, from an 
expert perspective, important to distinguish are not sufficiently differentiated in the spatial 
data to appear as separate classes in the SOM typology.  
Table 3-2 Cross-tabulation between the expert-based and the SOM-based typology (in km2) 
  
Expert-based classes 
 SOM-based classes 
 
 
1 2 3 4 5 6 7 8 9 10 11 12 
 1 0 0 0 0 0 941 17565 0 0 0 0 0 
 2 0 0 0 0 0 4521 0 0 0 0 172620 17587 
 3 0 0 0 0 0 1567 26836 0 0 0 0 0 
 4 0 0 0 0 0 13608 0 289765 0 0 0 0 
 5 0 0 0 0 0 820 0 0 0 0 0 24662 
 6 0 0 0 0 0 1431 15909 0 0 0 0 0 
 7 0 0 0 0 0 7980 0 0 171804 0 0 13669 
 8 0 0 13107 0 0 0 0 0 0 0 0 0 
 9 0 50640 0 0 0 0 0 0 0 0 0 0 
 10 0 9596 5155 0 0 0 0 0 0 0 0 0 
 11 0 0 71591 0 0 0 0 0 0 0 0 0 
 12 0 76235 0 0 0 0 0 0 0 0 0 0 
 13 50032 0 0 10180 0 0 0 0 0 0 0 0 
 14 0 0 0 0 14798 0 0 0 0 0 0 0 
 15 57888 0 0 13087 0 0 0 0 0 0 0 0 
 16 0 0 0 0 26407 0 0 0 0 0 0 0 
 17 16998 0 0 3578 6210 0 0 0 0 0 0 0 
 18 0 0 0 0 0 0 0 0 0 16589 0 0 
 19 0 0 0 0 0 0 0 0 0 53403 0 0 
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3.3.4 COMPARISON WITH OTHER TYPOLOGIES AND NATIONAL LANDSCAPE 
CLASSIFICATIONS 
To assess the relationship between our typology and widely used European datasets, we 
selected maps that capture different aspects of the agricultural landscape, including climate 
and biophysical dimensions. We included the EnS climatic stratification and the LANMAP 
classification, which has four separate levels (Mücher et al. 2010). We also used the EEA 
landscape types map, which is based on a neighborhood analysis of land cover types (EEA 
2006), the analogue Meeus landscape map as digitized in Stanners and Bourdeau (1995) and 
the Anthromes map (Ellis and Ramankutty 2008), which is based on global data on 
population, land use and land cover. 
The highest agreement exists between the SOM and the expert-based map (75.5%) 
developed in this study. These maps are not independent, due to the similar input data and 
similar aims. The results in Table 3-3 clearly show that our typologies capture very different 
dimensions of the agricultural landscape as compared to the other datasets, as the 
concordance with the other included datasets is low to very low (Hargrove et al. 2006). More 
specifically, the expert-based typology shows the highest concordance with the climate 
dimension of LANMAP (level 1), followed by the EEA land cover based map and the EnS 
climatic  zones. These agreements were likely the result of the partial overlap of the ‘broad 
pattern intensive agriculture’ of the EEA land cover based map with the medium intensive 
arable and very intensive arable land classes and by the overlap between the continental 
climate zone with very intensive arable areas. The SOM map also has a high agreement with 
the LANMAP level 1 and EEA dominant landscapes, followed by the Meeus map. This 
mainly is based on the enclosed grassland cluster, which has a high agreement with both 
‘rural mosaic and pasture landscapes’ (EEA) and ‘Atlantic Bocage’ as delineated in the Meeus 
map.  
Another European map useful for a comparison is the Types of Agriculture Map of Europe 
(Kostrowicki 1984). While the map is outdated, the classification used compares well with 
our present work, as it accounts for the scale and intensity dimensions by using land use 
statistics, input-related statistics, production attributes and structural attributes (permanent 
crops, permanent grassland, and livestock). It was not possible to quantitatively compare this 
map as no digital version is available. A visual comparison with our typologies showed clear 
differences for the regions that faced widespread scale enlargement and intensification in the 
past 30 years, such as in Southern Denmark and the Paris Basin (France). But we also found 
remarkable similarities, for example, between the French regions with small-scale intensive 
grassland (e.g. Normandy and S-Auvergne region) and small-scale mixed agriculture (e.g. 
Brittany).  
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A qualitative comparison of national landscape classifications shows that the classifications 
based on land cover display a similar general pattern with our European typologies, for 
instance in Austria(Schmitzberger et al. 2001) and the Czech Republic (Hrnciarová 2009). A 
closer look at the German typology gives information on land cover and landscape structure 
dimensions (Gharadjedaghi et al. 2004). Major areas with hedgerows overlap with “enclosed 
grassland” areas, for instance along the western coastline of the North Sea, the Rhine border 
region with the Netherlands and around Göttingen. Our typology, however, underrepresents 
the hedgerow complexes of Baden-Württemberg (Kantelhardt et al. 2003). While the 
“structural cultural landscapes” in Bavaria clearly overlap with both open and enclosed 
mosaic landscape classes, this is also not well reflected westwards (Gharadjedaghi et al. 2004; 
Bundesamt für Naturschutz 2011).  
Table 3-3 Goodness-of-fit scores using MapCurves (Hargrove et al. 2006) 
 
SOM Meeus1 Anthromes2 EnS3 EEA4 LANMAP l15 LANMAP l25 LANMAP l35 LANMAP l45 
Expert-based 75.5 8.1 5.1 10.2 16.5 17.9 6.3 6.5 6.9 
SOM 
 
12.9 8.6 10.5 16.6 17.1 10.3 10.6 11.2 
Meeus 
  
4.9 17.7 13.9 30.7 11.7 11.0 13.2 
Anthromes 
   
11.3 11.9 16.0 5.2 4.7 5.4 
EnS 
    
12.4 26.0 15.1 15.5 17.8 
EEA 10 
     
14.5 12.4 12.5 13.0 
LANMAP level 1 
      
99.9 99.9 99.9 
LANMAP level 2 
       
100.0 100.0 
LANMAP level 3 
        
100.0 
1Meeus (1995) as digitized in Stanners & Bourdeau (1995)  2Ellis and Ramankutty (2008) 3Metzger et al. 
(2005) 4EEA (2006) 5Mücher et al. (2010) with four levels: climate (1), altitude (2), parent material (3) 
and land cover (4).  
3.4 DISCUSSION  
The shortcomings of landscape information on EU level (Vervloet and Spek 2003; Wascher 
2004) hamper the comparison of agricultural landscapes across wider geographic scales. 
While agricultural typologies exist on the national and global scale (van Asselen and Verburg 
2012; Václavík et al. 2013), there is a need for a better description and representation of the 
variation in agricultural landscapes at the regional scale. Regional and EU-level policies on 
conservation and agriculture need to be adapted to the variation in local and regional context 
(Turner II et al. 2007; Verburg et al. 2013a). Landscape typologies can provide insight and a 
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reduction of the complexity of the variation in agricultural landscapes and thus help to 
inform and assess the regional needs and consequences.  
3.4.1 Evaluation of methods 
The evaluation of the quality and robustness of landscape typologies is challenging. To 
identify the most important components of the landscape represented in the typology, the 
selection process of the dimensions included should be clear and the scientific theory behind 
the conceptual framework should be communicated. Since most environmental datasets are 
continuous, the boundaries between the classes should be reproducible and without personal 
bias (Hazeu et al. 2011), which is however, not easy to achieve given the continuous nature 
of environmental information (Metzger et al. 2005).  
We used two different techniques to develop a landscape typology and in spite of the stark 
methodological differences (top-down vs. bottom-up) the outcomes show much 
correspondence. The expert-based approach has the advantage that the construction of the 
typology is transparent and that the emerging classes are clearly interpretable. However, as in 
all expert-based typologies, personal judgment cannot be completely excluded (Jongman et 
al. 2006). The use of the SOM avoids some of these subjective decisions, since this method 
does not need a supervised classification set-up and instead searches for major structures and 
clusters without an a priori hypothesis (Agarwal and Skupin 2008). Moreover, automated 
clustering methods can discover unknown patterns in the data, which an expert-based 
approach rules out. However, while SOM classes display the statistical optimal solution given 
the current information (and input data), transferring this typology to another dataset, e.g. 
representing future conditions, is challenging. Therefore, we recommend users to use the 
expert-based typology for future work. 
Our typology compared favorably with many national-scale typologies and an outdated land 
management-based typology (Kostrowicki 1984), indicating a correspondence of identified 
types with commonly denoted differences between agricultural landscapes. The typology was 
robust between the two approaches used, and adds useful dimensions of land management 
and landscape structure to existing typologies. At the same time, points of uncertainty need 
to be discussed. The choice of included dimensions within the developed typology was 
constrained by data availability and quality on landscape properties and could be expanded 
by including information on historical or cultural landscape dimensions, especially in 
applications related to cultural heritage. While our typology takes some of these aspects into 
account by including landscape structure and field size, important information on e.g. 
historical features such as agricultural buildings and roads and aesthetic landscape features 
(e.g. Bastian et al. 2013; Carvalho-Ribeiro et al. 2013) were missing, since this data is often 
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limited to regions or specific for local sites (Van Eetvelde and Antrop 2009). Furthermore, 
information on the social perception of agricultural landscapes could provide information on 
values and meaning embedded in the landscape. For example, Paracchini and Capitani (2011) 
presented the development towards an rural-agrarian landscape indicator in Europe, 
including a composite indicator of societal awareness of landscapes at sub-national 
administrative level (using protected products, rural tourism and protected areas), while van 
Zanten et al. (2014) made a systematic review of landscape preference studies in Europe. 
Another limitation of the current approach is the focus on agricultural areas as designated by 
the CLC data and the use of a majority rule in the aggregation of the land cover data to the 1 
km2 resolution. This may have caused certain heterogeneous mixed farming-forestry or semi-
natural areas that are extensively grazed to be underrepresented in our map. Finally, since the 
developed typology focuses on generic agricultural landscape types across Europe, unique 
regional characters are generalized and this can therefore lead to an underestimation of the 
regional identity (Mücher et al. 2010).  
A main factor affecting the quality of the typology is also the quality and quantity of the 
input data. Sources of uncertainty are both related to the processing of the source data as 
well as to the reliability of ground-based inventories, such as LUCAS (Verburg et al. 2011; 
Eurostat 2013; Kuemmerle et al. 2013). The European land cover data used has generally 
high accuracy, although detection for specific land cover classes can be problematic (Büttner 
and Maucha 2006). Uncertainties in the other datasets are higher. Our own assessment of the 
uncertainty of the field size data and linear landscape element data (Appendix 3.2 and van 
der Zanden et al. (2013)) suggests reliability of these dimensions. Unfortunately, no full 
uncertainty analysis was conducted for the nitrogen input data due to a lack of validation 
data at the pixel level. Partial validation based on differences of nitrogen input in irrigated 
and non-irrigated land use showed, however, promising results (see Temme & Verburg 
(2011)). A further limitation of the nitrogen dataset is that the intensity measure is not 
continuous. Other European scale nitrogen datasets have been developed using comparable 
methods (e.g. Leip et al. 2011 for N flux budgets), but these are not publicly available. 
Alternative continuous mapping approaches, such as Teillard et al. (2012) are limited to 
certain countries and in spatial resolution. In general, the different datasets used are not all 
based on data from the same reference year, which could cause some mismatches in regions 
with rapid change. Since most of the source data is updated every few years, a useful 
extension of our study would be the identification of typical change patterns in agricultural 
landscapes. 
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3.4.2 Applications  
Our agricultural landscape typology and map can be used in a wide range of applications. 
First and foremost, our results may become a tool for communication between scientists, 
policy makers and others interested in agricultural landscapes. A harmonized approach such 
as ours can help identify and characterize policy areas of attention, for instance on the 
linkages between cultural landscapes, landscape structure and biodiversity conservation. This 
new typology can also serve as a starting point for further analysis, as a first phase of more 
detailed regional characterization, or as a tool to compare case studies across different 
agricultural landscapes in Europe. An example is the application of the map to determine the 
distribution of landscape preference case studies across different agricultural landscape types 
by van Zanten et al. (2014). As any typology, our results can also serve as a basis for 
sampling, or the (pre-) selection of study sites (Mücher et al. 2010; Hazeu et al. 2011). 
Our typology can also be a useful tool for the assessment of multiple ecosystem services 
across agricultural landscapes, since spatial diversity and landscape structure influence service 
provision. An interesting application of our typology would thus be to use the agricultural 
landscapes we identified as units to summarize ecosystem bundles (Bennett et al. 2009). Land 
management and structure are also considered important elements for modeling or 
comparison of individual ecosystem services, such as pollination services (Schulp et al. 2014) 
and landscape aesthetics (Gobster et al. 2007) and can therefore serve as a basis for mapping 
these services. Especially since the vast majority of ecosystem services studies use lookup 
tables and benefit transfer-based mapping based on land cover, ignoring the role of 
important landscape features and configurations. Also for the mapping of more ‘intangible’ 
cultural ecosystem services, Plieninger et al. (2013) acknowledge the need for information on 
landscape properties beyond land cover, for instance for pre-selection of sites for the 
assessment of cultural landscape services or to combine with more fine-grained landscape or 
stakeholder information (Norton et al. 2012). The typology of agricultural landscapes in 
Europe presented here explicitly acknowledges the variation within agricultural areas 
important to the functioning and values of these landscapes and moves beyond the standard 
approach of characterizing differences in landscape and land use by the dominant land cover 
only (e.g. Busch 2006; Verburg et al. 2013a). 
3.5 CONCLUSION  
The influence of land management intensity and landscape structure on the spatial variation 
of agricultural landscapes has received little attention in Europe, while these factors are 
important to assess landscape functions and values. To improve the understanding of 
agricultural landscapes across Europe and to identify landscapes that may require policy 
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response, it is necessary to reduce the complexity in agricultural landscapes to manageable 
units. During the past 20 years, different initiatives have been developed to identify and 
classify landscapes in Europe, but important management dimensions, including land 
management intensity and landscape structure, have not been included in these initiatives. To 
fill this gap, we have developed a European-wide spatially-explicit typology and inventory of 
agricultural landscapes, using European-wide datasets representing land cover, land 
management intensity and landscape structure on a 1 km2 resolution. We have compared two 
alternative mapping approaches: an expert-based top-down, and a bottom-up approach 
based on automated clustering using Self Organizing Maps (SOMs).  
Despite of the clear difference in typology delineation (top-down vs. bottom-up) the 
outcomes show much correspondence. Comparison with national-scale typologies, a dated 
land management typology and other European-wide datasets revealed that the developed 
typology was robust and added useful dimensions to existing typologies. Improvement is 
possible, for instance by including information on historical and cultural dimensions, which 
was currently limited by data availability and quality. The quality and quantity of the input 
data remains influential, e.g. by including non-continuous input data sets.  Overall, the 
typology aimed to provide a generic basis (i.e. independent from specific location or 
geographic context) for agricultural landscape assessment, complementary to current 
biophysical-focused classifications and typologies. Therefore, it can be seen as a first step 
towards a comprehensive regional framework for comparison of agricultural landscapes 
across Europe.  
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4. TRADE-OFFS OF EUROPEAN AGRICULTURAL ABANDONMENT 
 
ABSTRACT 
Agricultural land abandonment is a policy challenge, especially for areas with unfavorable 
conditions for agriculture and remote and mountainous areas. Agricultural abandonment is 
an important land use process in many world regions and one of the dominant land use 
change processes in Europe. Previous studies have shown that abandonment can have both 
positive and negative effects on several environmental indicators, influenced by location and 
scale. Preferred policies and management of these areas are debated given concerns for the 
loss of (traditional) agricultural landscapes and potential impacts on biodiversity and 
ecosystem services. We present a European-scale impact assessment of the possible effects 
of agricultural abandonment, based on eight indicators that are on the forefront of the 
agricultural abandonment debate. Using a multi-scale modelling approach, we expect 
between 71.277 and 211.814 km2 of agricultural abandonment in 2040. Impacts on the 
indicators and tradeoffs between the impacts are spatially variable. A typology of typical 
trade-off bundles at a 1km2 resolution resulted in four typical trade-off clusters. All clusters 
identified are characterized by a loss of agriculture-related values, such as agro-biodiversity 
and cultural heritage. For two clusters, this was accompanied by positive effects on indicators 
such as carbon sequestration, nature recreation and mammal habitat suitability. Overall, our 
results indicate that location and scale are key to assess the tradeoffs originating from 
agricultural abandonment in Europe. Identification of typical trade-offs bundles can help to 
distinguish potential desirable and undesirable outcomes of agricultural abandonment and 
assist in targeting measures to areas that face similar management challenges.   
Based on: 
Emma H. van der Zanden, Peter H. Verburg, C.J.E. Schulp, Pieter Johannes Verkerk. Trade-
offs of European agricultural abandonment. Accepted for publication in Land Use Policy.   
 
 
 
Chapter 4 
64 
 
4.1 INTRODUCTION 
While competition for farmland is globally on the rise, simultaneously the process of 
agricultural abandonment has shown an increased trend since the 1950s (Cramer et al. 2008). 
Agricultural abandonment is an important land use process in many world regions and one 
of the dominant land use change processes in Europe (Grau and Aide 2008; Keenleyside and 
Tucker 2010; Prishchepov et al. 2012). The process of agricultural abandonment is a 
complex and multi-dimensional process (Munroe et al. 2013), in which “human control over 
land (e.g. agriculture, forestry) is given up and the land is left to nature” (FAO, 2006; pg. 1). 
While the process of agricultural abandonment seems contrasting to the required increase in 
agricultural production, it is often closely related to intensified land uses in more suitable 
areas and results from different physical, environmental, social and economic factors in an 
increasingly globalized agricultural economy (Rey Benayas et al. 2007; Verburg et al. 2013b). 
Agricultural abandonment in marginal areas can be viewed as an example of land sparing, as 
agricultural activities are concentrated through intensification elsewhere or displaced to other 
world regions, driven by economic or other factors, while marginal areas are abandoned 
(Wentworth 2012).  
Measurement and study of abandonment areas is complicated due to different definitions, 
lack of consistent measurement across the EU and the difficultly of detecting agricultural 
abandonment by remote sensing data (Verburg and Overmars 2009; Keenleyside and Tucker 
2010). While the current extent of abandonment is unknown (Pointereau et al. 2008), 
European agricultural statistics and land cover maps show a clear decrease of agricultural 
areas in the past decades, especially for extensive and small-scale agricultural systems (Pinto-
Correia 1993; Renwick et al. 2013; Fuchs et al. 2015), and modelling studies predict 
significant levels of agricultural abandonment in Europe over the next 20 to 30 years 
(Verburg and Overmars 2009; Renwick et al. 2013).  
Recent studies on agricultural abandonment in Europe showed that agricultural 
abandonment primarily occurs in less productive areas, remote and mountainous regions and 
areas with soil erosion or unfavorable climatic conditions for agriculture (Rey Benayas et al. 
2007; Keenleyside and Tucker 2010). Secondary drivers of agricultural abandonment include 
rural depopulation and regional specific factors regarding land ownership and tax regimes 
(MacDonald et al. 2000; Rey Benayas et al. 2007; Keenleyside and Tucker 2010). An 
important regional event which triggered agricultural abandonment was the collapse of the 
Soviet Union in the 1980’s, leading to widespread agricultural abandonment in Eastern 
Europe due to poorly established property rights and problems with land ownership 
(Kuemmerle et al. 2008; Hartvigsen 2014). Agricultural policies also play an important role, 
as abandonment often occurs in areas where the land productivity does not provide an 
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adequate income for farmers, even with the support of subsidies (e.g. Pillar 2 subsidies of 
Common Agricultural Policy (CAP)). While not fully implemented in the current CAP 
reform, potential plans to reduce agriculture support and to decouple support from 
production within the CAP were therefore highly debated within the EU, as member states 
feared that this could lead to several risks, including the abandonment of production 
(Renwick et al. 2013).  
Abandonment of agriculture can have positive and negative outcomes, although these 
consequences differ per location and scale (Rey Benayas et al. 2007; Munroe et al. 2013). 
Currently, no scientific consensus regarding the most favorable management of abandoned 
land exists in Europe (Agnoletti 2014; Schnitzler 2014). In literature often the loss of agro-
biodiversity and species richness in landscapes with long histories of management is cited 
(Rey Benayas et al. 2007; Agnoletti 2014). This often relates to species-rich habitats such as 
low intensity croplands or mosaic areas and meadows (see for example Laiolo et al. 2004; 
Dauber et al. 2006; Baur et al. 2006). This reduction of land use  mosaics and consequently 
of landscape heterogeneity is also associated with fire risk, especially in the Mediterranean 
region (Moreira et al. 2001; Höchtl et al. 2005; Viedma et al. 2006). The loss of mosaic 
landscapes and traditional cultural landscapes has also an important societal consequence, as 
these areas are associated with historical values, cultural heritage (‘sense of place’), aesthetic 
values and often attract tourism (Antrop 2005; Plieninger et al. 2006; Navarro and Pereira 
2012). The case of erosion is an example of the diverse and location specific impacts of 
agricultural abandonment, which can have both negative and positive impacts depending on 
the local circumstances. Local increase of soil erosion (e.g. by break down of conservation 
structures; Lesschen et al. 2008) and the possible reduction of water stocks at the watershed 
scale (Robinson et al. 2003; Andréassian 2004) are mainly reported in dry regions (Rey 
Benayas et al. 2007). 
Positive outcomes associated with agricultural abandonment are related to the effect of 
revegetation and succession. Often mentioned is the general increase in vegetation density 
and biomass, although the speed is highly variable between different environments (Rey 
Benayas et al. 2007). Revegetation generally increases carbon sequestration, by means of 
woody biomass increase and a net soil organic carbon (SOC) gain on former arable land 
(Schulp et al. 2008). On former SOC-rich grasslands, the net SOC can be negative or 
remains equal (Bárcena et al. 2014). Other biophysical benefits from revegetation include 
increased hydrological regulation and erosion reduction (overview in Munroe et al., 2013; 
Rey Benayas et al., 2007). Biodiversity is also related to the increase in woody vegetation, but 
its role is dependent on the local habitat, as abandonment can both increase or decrease local 
habitat diversity (Hall et al. 2012; Queiroz et al. 2014). In general, species adapted to open 
spaces will disappear, while species related to shrub, forest and soil fauna are favored (e.g. 
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Kardol et al. 2005; Sirami et al. 2008). In case of species-rich woody vegetation, this will lead 
to an increase in biodiversity (Rey Benayas et al. 2007), although intermediate stages of 
natural succession are vulnerable for invasive species (Stoate et al. 2009). Further succession 
stages with establishment of strong native species could, however, lead to a decrease in 
invasion level compared to the previous landscape (Chytrý et al. 2012). Within conservation 
literature, especially in Europe, agricultural abandonment is mentioned as a potential source 
for the development of large-scale natural areas, sometimes with the possible development 
of wilderness areas (Bowen et al. 2007; Keenleyside and Tucker 2010; Navarro and Pereira 
2012; Herzog and Schüepp 2013; Ceaușu et al. 2015). The idea that unproductive and 
abandoned land can serve as new wilderness areas (“rewilding”), i.e. self-sustaining 
ecosystems close to the “natural state” often supported by (re-)introduction of large 
herbivores and habitat protection for carnivores and other species (Brown et al. 2011; 
Navarro and Pereira 2012), is expressed often and is backed by different conservationist 
groups (e.g. the “Rewilding Europe” initiative). While rewilded areas can provide new forms 
of recreation and tourism (e.g. hunting, bird watching; Kaczensky et al. 2004), the concept of 
wilderness (Lupp et al. 2011) and rewilding practice is often criticized by the public (Wilson 
2004; Enserink and Vogel 2006; Bauer et al. 2009).   
Different case studies of agricultural abandonment have shown that the process of 
agricultural abandonment is not a linear process, but that it includes different transitional 
stages (e.g. Meyfroidt and Lambin 2008). Most importantly, local and temporal differences 
can lead to different trajectories and long-term outcomes (Verburg et al. 2010; Munroe et al. 
2013). These different trajectories combined with the spatial heterogeneity of environmental 
conditions in many regions lead to the assumption that the different positive and negative 
outcomes related to environmental consequences of agricultural abandonment differ per 
location and scale (Chazdon 2008; Ramankutty and Rhemtulla 2012). While this is discussed 
in several studies (MacDonald et al. 2000; Höchtl et al. 2005; Navarro and Pereira 2012), the 
role of the spatial context related to abandonment trade-offs is often ignored. No larger-scale 
overview of the possible effects of agricultural abandonment with a spatial component is 
published to this date. 
The objective of this paper is to characterize the spatial diversity in trade-offs of potential 
agricultural abandonment in Europe in the next decades at a high spatial resolution. The 
analysis of the trade-offs is based on the areas identified to be at risk for agricultural 
abandonment under different scenarios of land use change for the period of 2000-2040. 
Trade-offs as a result of agricultural abandonment are assessed for eight indicators, selected 
based on the current scientific discussion on abandonment impacts. A typology of typical 
trade-off bundles is developed, to give insight on how these impacts interact. Areas of typical 
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trade-off bundles help to identify areas facing similar management challenges and 
opportunities upon future abandonment.  
4.2 METHODOLOGY 
This paper focuses on the characterization of areas that face similar trade-offs related to 
European agricultural abandonment in the next decades. An overview of the method is 
presented in Figure 4-1. The agricultural abandonment information is derived from an 
integrated modelling approach that uses two different scenarios and a scenario policy option, 
chosen to reflect potential economic, demographic and agricultural and conservation policy 
changes for the European Union (section 4.2.1 and 4.2.2). The scenario-based projection of 
agricultural abandonment areas is fed into an impact assessment that includes eight different 
potential effects of agricultural abandonment such as carbon sequestration and emission, 
changes in fire risk probability, outdoor recreation and the effect on cultural heritage (section 
4.2.3). We use the results of the impact assessment to derive a spatial typology of areas that 
face similar tradeoffs between the different impacts and thus share challenges and 
opportunities regarding agricultural abandonment (section 4.2.4).  
 
Figure 4-1 Outline of the methodology  
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4.2.1 Land use modeling framework 
The areas of future agricultural abandonment were modeled using an integrated modeling 
approach that combined different well-established models covering different spatial scales 
(from global to sub-national) and including multiple sectors. By using a multi-scale modeling 
series, the different scales at which drivers that affect spatial patterns of land use change are 
accounted for: from local conditions, e.g. topography or accessibility, to global processes 
(Stürck et al. 2015). The modeling series starts with the combined ReMIND/MAgPie models 
(Lotze-Campen et al. 2008; Popp et al. 2010), that calculate information on, among others, 
GDP and population growth for 10 world regions taking land use constraints into account. 
Selected ReMIND/MAgPIE outcomes are used by the LEITAP/MAGNET model (van 
Meijl et al. 2006), a global general equilibrium model which covers all economic sectors, that 
calculates land use, agricultural production and consumption patterns and bilateral trade 
flows by sub-sector and regions on a global scale. These outputs, combined with modeled 
urban demand and forest production information based on the global forestry model EFI-
GTM (Kallio et al. 2006), are  subsequently used as input for two regional models: CAPRI 
(Britz et al. 2007), a linked agricultural supply and market model, and the forest resource 
projection model EFISCEN (Sallnäs 1990; Schelhaas et al. 2007). Demands for different 
agricultural sectors as modelled by CAPRI, and urban demands, are used as inputs for land 
allocation by the spatially explicit CLUE model (version Dyna-CLUE), which has a spatial 
resolution of 1 km2 and an annual temporal resolution. During the land allocation procedure, 
region level demands are satisfied by allocation based on the highest total probability for a 
land use type at a certain time and location, with total probability based on location and 
neighborhood suitability, conversion elasticity and competitive advantage. Seventeen land 
use classes are modelled based on the CLC2000/CORINE land cover database (EEA 2005), 
including recently abandoned farmland and recently abandoned arable land. However, 
certain land conversions are excluded, restricted or based on time restrictions. For instance, 
land conversions after the start of agricultural abandonment are controlled by the number of 
years a certain land conversion usually takes (e.g. from abandoned farmland to semi-natural 
and from semi-natural to forest). A detailed description of the land allocation procedures can 
be found in Verburg and Overmars (2009) while the full modeling framework is described in 
more detail in Lotze-Campen et al. (2013). The abandonment areas used in this study are 
based on the resulting land use cover maps from scenario simulations with this land use 
modeling framework. For the three scenarios included in this study, all 1 km2 cells are 
selected that were abandoned in the period 2000-2040. We considered cells abandoned if 
they transitioned from an agricultural land use class (arable land, pasture or permanent crops) 
in 2000 to an abandonment class (recently abandoned arable or pasture land) in 2040 or had 
continued succession and belonged to semi-natural or forest land use classes in 2040.  
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4.2.2 Land use scenarios 
To account for different possible futures, we compare three different scenarios (A1, B2, B2 
Nature policy option), that are chosen to represent contrasting developments in the 
underlying processes that lead to agricultural abandonment in Europe. The scenarios closely 
follow the SRES storylines of the Intergovernmental Panel on Climate Change (IPCC 2000), 
but use specific information on projections on socio-economic, political and technological 
changes in the EU. The scenarios are structured along two axes; “regional vs. global 
development” and “less intervention vs. more intervention”.  The B2 storyline (European 
Localism) is, in this study, chosen as a baseline scenario. This scenario represents a 
fragmented world with modest economic growth, modest growth of food and moderate 
intervention. No change in the CAP is planned and environmental issues are prioritized, but 
implementation of policies is regionally focused. As a clear opposite scenario, we use the A1 
scenario (Libertarian Europe), which represents a globalized world with strong economic 
growth and moderate population growth. This scenario is based on free trade as main 
economic driver, therefore restricting policy interventions. This scenario includes, therefore, 
weak regulation on land use change and a fully liberalized CAP.  We use a ‘Nature protection’ 
policy option based on scenario B2 (from now on “B2 Nature”) to assess the effect of an 
increased policy focus on nature projection. Besides the general B2 setup, this policy option 
includes an expansion of protected zones beyond the European Natura2000 network 
of nature protection areas, including protected areas from the World Database of Protected 
Areas (WDPA) up to level IV, a robust ecological corridor network based on the Pan-
European Ecological Network (PEEN) and strengthened constraints on land cover 
conversions within these zones. Further, incentives are established to limit fragmentation 
and increase connectivity of natural areas.  
4.2.3 Impact assessment  
Eight different variables where chosen as proxies to represent key aspects affected by 
agricultural abandonment. The variables where chosen based on their mentioning in the 
discussion on the effects of agricultural abandonment. Most indicators are represented by 
datasets that were previously published, sometimes adjusted for the purpose of this study. 
The mammal habitat suitability indicator was developed specifically for the study.    
All included indicators have their base year in the period between 2000 - 2010 and their 
change up to 2040 is assessed. Depending data and model availability, the variables are 
dynamic and incorporate the different land use changes within the three different scenarios. 
This is the case for carbon sequestration, outdoor recreation, habitat suitability for large 
mammals and forest fire vulnerability. Crop share and farmland species richness are 
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represented by variables that are associated with agricultural landscapes and the loss of these 
values upon abandonment is taken as an indicator. Cultural heritage is represented using a 
proxy for the loss of traditional cultural landscape quality. The current presence of highly 
disruptive and spreading alien species at and around the areas that are modeled to be 
abandoned in the period until 2040 are assumed to give an indicator of alien species risk for 
these areas.   
4.2.3.1 Carbon sequestration and emission 
Carbon sequestration is calculated based on the combined carbon sink caused by changes in 
biomass and by carbon sequestration and emission in soils. The annual changes in the 
carbon stock (C km-2 year-1) are therefore an indicator of the carbon that is either 
sequestrated or emitted based on changes in land use and forestry. The method used is an 
adapted approach of Schulp et al. (2008), as described in more detail in Mouchet and Lavorel 
(2012). The total carbon stock change is calculated based on changes in forest biomass 
carbon stocks and changes in soil carbon stock. The soil carbon stock change is based on an 
emission factor (Mg C year-1), which is the emission/sequestration per unit area per land use 
type. Emission factors are country specific and dependent on soil organic carbon content. 
The biomass stock increment is calculated based on country specific, age dependent growth 
factors. Biomass loss upon conversion from wooded vegetation is assumed to result in 
immediate loss of 80% of the biomass. All calculations were executed per grid cell of 1km2 
for every calculation year. Specific emission factors are used for forestry, based on the 
EFISCEN modeling outputs.  
4.2.3.2 Forest fire vulnerability 
The indicator for forest fire vulnerability is based on species composition and forest 
structure as projected by EFISCEN, following the method described by Schelhaas et al. 
(2010). The indicator is based on the concept that the vulnerability of a forest to fire is 
mainly dependent on the availability and vertical and horizontal distribution of fuel and the 
flammability of the material (Fernandes et al. 2000). To calculate the specific vulnerability 
score, a combination of tree species are grouped and assigned relative vulnerability scores 
and threshold ages. Threshold ages are used, based on Meyer (2003), as young stands often 
have conditions that support higher flammability. The fire risk decreases with an increasing 
age, as tree height and crown base increase which reduces the risk on easily ignitable fuel. 
The relative fire vulnerability is based on the rating of Meyer (2003) and relative insurance 
premiums for forest fire insurances in the Netherlands for different risk classes.   
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4.2.3.3 Outdoor recreation 
Outdoor recreation potential is the capacity of a region to provide tourist activities outside 
the urban areas, with a focus on nature tourism/camping tourism. The method is based on 
the approach described by Van Berkel and Verburg (2011) and slightly adapted to focus on 
outdoor recreation only. In the modeling approach, different spatial proxies that describe the 
attractions for outdoor recreation are used; with the selection of the proxies and the assigned 
weights based on an expert workshop with participants working in rural development and 
rural typology domains. For outdoor recreation, attractive biophysical conditions (e.g. water 
bodies, forests and landscape variation); areas with low degree of human interventions; areas 
with policy instruments for nature conservation (Protected areas, Natura2000 sites) and 
“outdoor” tourist attractions are used. Biophysical conditions and degree of human 
interventions are based on the different land use modelled for the three scenarios. The 
protected areas are similar for the A1 and B2 scenario, but an improved network of 
protected areas (as listed in the World Database of Protected Areas (WDPA) up to level IV) 
is used for the B2 Nature scenario. The specific proxies and weights are available in 
Appendix 4.1.  
4.2.3.4 Habitat suitability of large mammals (“Megafauna”) 
The habitat suitability of mammals is developed to provide an indicator for the suitability of 
habitats for the natural recovery of European mammals, specifically in areas of agricultural 
abandonment. The focus is on mammals species >10 kg (“megafauna”), as these mammals 
have an important role in natural tropic networks (Schmitz 2006; Ritchie and Johnson 2009; 
Ceauşu et al. 2015) and as agricultural abandonment is often seen as an opportunity for the 
comeback of large mammals in Europe (Navarro and Pereira 2012). For the estimation of 
habitat suitability of large mammals, we assume that the survival of a new or reintroduced 
population should correspond to at least the Minimum Viable Population (MVP; Foose et al. 
1995) and that these populations are viable if the available land area is at least equal to the 
Minimum Critical Area (MCA) in Equation 4-1: 
MCA = density * MVP size               (4-1) 
The MCA is only considered viable if the land is available in connected areas of appropriate 
land use types (for comparible methods, see e.g. Jantke and Schneider, 2010; Wilson, 2004). 
We have selected species-specific MVP and density information for all megafauna species in 
Europe and removed the species of which no published or reliable data was available. Based 
on the IUCN Habitats Classification Scheme (version 3.1; 2013), we have selected all 
required (“suitable” and “essential” habitats) habitat types per species. The IUCN 
classification scheme takes biogeography and latitude/climate zonation into account. We 
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have mapped these habitat requirements per species based on land cover classes as used in 
the Dyna-CLUE model (Verburg and Overmars 2009) and the Köppen-Geiger climate 
classification for latitude/climate zonation (Kottek et al. 2006). Based on the MCA and the 
IUCN habitat requirements, the habitat suitability for the selected species could be 
determined for 2000 and 2040 per scenario. Seven habitat suitability species maps were 
summed as final indicator. Species include the carnivores Eurasian lynx (Lynx lynx), brown 
bear (Ursus arctos) and European badger (Meles meles); the even-toed ungulates European 
bison (Bison bonasus), red deer (Cervus Elaphus) and wild boar (Sus scrofa); and the rodent 
Eurasian beaver (Castor fiber).   
During the modeling process, the species information on MVP, density and habitat 
requirements were iteratively compared with historical literature, model studies (e.g. 
Kratochvíl, 1968; Kuemmerle et al., 2011) and current distributions of mammals species, 
such as collected by the European Mammal Society (Mitchell-Jones et al. 1999). Based on 
these sources, additional revisions of the classification scheme were made and species with 
uncertain distributions were removed. See Appendix 4.2 for the ecological data of the 7 
included mammal species and additional references. During the mapping procedure, we have 
assumed that the boundaries of the climate classification are equal during the modeling 
period. We also assumed that the included species do not affect each other’s densities and 
did not assess the additional influence of human interference on the land use classes or 
habitat suitability.  
4.2.3.5 Alien species risk 
Alien species risk is based on spatial information on the alien species in Europe, as gathered 
by the Delivering Alien Invasive Species in Europe (DAISIE) project (Vilà et al. 2010). 
Within the DAISIE project, “100 of the worst species” are defined, based on their impact on 
biodiversity, economy and health (DAISIE, 2010). The “worst” list is a combination of 
terrestrial plants, vertebrates, invertebrates, fungi and also includes aquatic marine and inland 
species. To develop an alien species risk indicator, each terrestrial species within the “worst 
species” list was scored on ecological impact and invasive potential based on the scoring 
system of Molnar et al. (2008). The ecological impact score reflects the impact of the 
disruption on native species and ecosystems, while invasive potential gives an assessment of 
the recent spreading speed and the potential for future spread. The scores of ecological 
impact and invasive potential are combined in an overall threat score per species. 
Subsequently all species within a cell (8 x 8 km) were combined by assigning the highest 
threat score in the cell (Mouchet and Lavorel 2012). The current presence of “worst” species 
at and around the areas that are modeled as being abandoned in the period until 2040 is 
assumed to give an indication of alien species risk for these areas.   
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4.2.3.6 Crop area 
Information on crop area is based on the specific cover percentage of crops at a certain 
location, provided by the CAPRI modeling system (Leip et al. 2008).  Leip et al (2008) based 
the crop information on locally weighted bi-nomimal regression models, where ground level 
observations on crop types (taken from the Land Use/Cover Area Frame Statistical Survey 
(LUCAS) database; Delincé 2001) are used, in combination with explanatory variables such 
as slope, attitude and soil and climatic information (Kempen et al. 2011). To account 
specifically for the area of arable crops, information on permanent grassland and fallow land 
are excluded in this study. 
4.2.3.7 Farmland species richness 
To represent farmland species richness, we use the indicator map presented by Overmars et 
al. (2014). This indicator is based on downscaling occurrence maps of birds, mammals, 
reptiles, amphibians and vascular plants (on a 50 km grid) that are dependent on open 
grassland or arable land to a 1km grid, using information on environmental pressures for 
each species. The occurrence maps of 132 species from the BIOSCORE project were used 
and for each species habitat suitability and sensitivity scores for 35 environmental variables 
were available (Louette et al. 2010). Species- specific pressure information on land cover, 
fragmentation and pressures related to land use intensity (e.g harvesting, nitrogen input) were 
linked to maps of these pressures throughout Europe. This allowed species occurrence 
mapping; if none of the pressure maps hindered occurrence, the species was mapped in the 
species presence map. The map used is the total number of species that occur per cell.   
4.2.3.8 Cultural heritage 
To represent the loss of cultural heritage associated with traditional agricultural landscapes, 
we have used the agricultural landscape typology by van der Zanden et al. (in review) to 
score traditional agricultural landscapes. Cultural landscapes are acknowledged as a useful 
concept to link cultural values to ecosystems and are important entities for cultural heritage 
(Tengberg et al. 2012; Agnoletti 2014). For instance, the Millennium Ecosystem Services 
Assessment (2005) conceptualized heritage as “landscape-related “memories” from past 
cultural ties, mainly expressed through characteristics within cultural landscapes” (pg. 16, 
Tengberg et al., 2012). Many traditional cultural landscapes in Europe are vulnerable as they 
are often no longer economically feasible or are threatened to lose its economic 
competitiveness (Vos and Meekes 1999). These highly diverse landscapes are characterized 
by a low intensive management regime that is often labor-intensive but uses low nutrient 
inputs, mechanization and pesticide application. Further, they are characterized by a high 
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biological diversity and based on a long previous development of local farming knowledge 
(Berkes et al. 2000; Fischer et al. 2012). This includes valuable small-scale farming 
landscapes, such as bocage (enclosed) landscapes and low intensity or seasonal grazing areas 
(Vos and Meekes 1999; Widgren 2012). While there is no consistent valuation of landscape 
types available and definitions of cultural heritage landscapes are inconsistent, we have 
chosen to provide scores (values) to those landscape types that are predominantly 
characterized by traditional low intensive practices; being extensive in nitrogen input, small-
scale in terms of field size and/or enclosed by linear landscape elements. Highest values are 
given to areas that are both small-scale and extensive and to enclosed areas (see Appendix 
4.3). 
4.2.4 Data analysis 
To enhance the comparability of the different variables within the impact assessment, the 
data was normalized by using positional normalization to a -1 to 1 range. Variables with only 
negative outcomes where normalized to a -1 to 0 range.  
The first part of the data analysis consisted of an assessment of the relationships between the 
indicators within the impact assessment, using Principal Component Analysis (PCA). Cluster 
analysis was used to determine the different spatial areas that have a similar response from 
the eight different variables included in the impact assessment. Clusters of the variables 
where identified and analyzed using the K-means clustering method. We determined the 
optimal amount of clusters by comparison of the within cluster sum of squares (WCSS) and 
the Davies-Bouldin clustering validity index with an increasing number of clusters based on 
25 iterations. The Davies-Bouldin index represents the ratio of the sum of within-cluster 
scatter to between-cluster separation and, therefore, the objective is to minimize the index 
during a clustering procedure (Davies and Bouldin. 1979; Maulik and Bandyopadhyay 2002). 
All analyses where executed in R (R Development Core Team 2008), using the “stats” 
(Chambers and Hastie 1992), “clusterSim” (Walesiak and Dudek 2014) and “FactoMineR” 
package (Husson et al. 2014).  
4.3 RESULTS 
4.3.1 Modeled abandonment areas 
On a European scale, the largest area of agricultural abandonment is expected under the 
globalization and economy driven scenario A1; 211.814 km2 in total, which is 10.9% of all 
agricultural land available in 2000. The B2 Nature policy option results in agricultural 
abandonment close to the A1 values (169.469 km2), while the B2 scenario results in less than 
half that size (71.277 km2). This is 8.7% and 3.7% of all agricultural land in 2000 respectively. 
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Abandonment of pasture and arable land is almost equal for the A1 and B2 Nature scenario 
(~48%, 3-5% permanent crops), the B2 scenario has a slight majority of arable land under 
abandonment (57%). 
In Figure 4-2, the country-wise differences in expected abandonment area are visualized. 
While the B2 scenario leads in all countries to the lowest abandonment values, the relative 
amount of abandonment for the other two scenarios are country-specific. Based on the 
results abandonment prone regions can be identified. For instance, the majority of the 
agricultural abandonment for France under the A1 scenario can be found in the Midi-
Pyrenees (Southern France), while abandonment in Brittany (North-West France) and in 
Central-Eastern France occurs under all scenarios. Another example is Italy, where under the 
B2 Nature scenario a large abandonment zone along the Adriatic coast (in the regions 
Marche and Abruzzo) appears. Stable areas of abandonment in Italy under the three 
scenarios are most apparent along the Apennines, followed by the Alps in North Eastern 
Italy and the Langhe hill area in Piedmont, Northern Italy. The abandonment for the B2 
Nature policy option is influenced by the strong restrictions and need for extra land for 
nature protection, which results in less area that can be converted to agricultural land and 
increased land prices. As a consequence, additional demand for agricultural production is 
allocated to other world regions. For this policy option, the high spatial variability of the 
abandonment areas is the result of the increased scope of protected areas, the focus on 
improved connectivity and nature development in ecological corridor areas and erosion 
sensitive sites.  
4.3.2 Influence of agricultural abandonment on land characteristics 
Individual maps of the environmental variables assessed are presented in Figure 4-3. We 
assessed whether the areas that are predicted to be abandoned have different characteristics 
as compared to the agricultural areas that are not abandoned. The results (Table 4-1) show 
that the projected abandonment areas already had clearly lower crop area values in the base 
year, which is also the case if abandoned agricultural land and abandoned grassland are 
assessed separately. Therefore, the projected abandoned areas are assumed to have a lower 
arable productivity than other agricultural lands, as permanent grassland and fallow land are 
not taken into account for crop share. It is also apparent that projected abandonment areas 
have higher carbon sequestration values, mainly because large areas of pasture with high 
carbon content are projected to be abandoned. The lower values for cultural heritage in 
projected abandoned areas indicate that abandonment areas are not dominated by small-scale 
or enclosed agricultural landscapes in comparison to stable agricultural areas.  
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Figure 4-2 Agricultural abandonment in 2040 expressed as percentage of all agricultural land 
in 2000.  
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Figure 4-3 Individual maps for the state of the indicators included in the impact assessment 
for the period 2000-2010
Chapter 4 
78 
 
 
Ta
ble
 4
-1
Co
m
pa
ris
on
 o
f c
ha
ra
ct
er
ist
ics
 in
 th
e 
ba
se
 y
ea
r o
f s
ta
bl
e 
ag
ric
ul
tu
ra
l a
re
as
 v
er
su
s a
gr
icu
ltu
ra
l a
re
as
 p
ro
jec
te
d 
to
 b
e 
ab
an
do
ne
d 
(m
ea
n 
an
d 
st
an
da
rd
 d
ev
iat
io
n)
.  
 
 
 
A
1 
  
B2
 
  
B2
 N
at
ur
e 
  
 
 
St
ab
le 
ag
ric
ult
ur
al 
ar
ea
s 
Pr
oje
cte
d a
ba
nd
on
ed
 
ag
r. 
 A
rea
s 
St
ab
le 
ag
ric
ult
ur
al 
ar
ea
s 
Pr
oje
cte
d a
ba
nd
on
ed
 ag
r. 
 
A
rea
s 
St
ab
le 
ag
ric
ult
ur
al 
ar
ea
s 
Pr
oje
cte
d a
ba
nd
on
ed
 
ag
r. 
 ar
ea
s 
  
  
 m
ea
n 
(S
D
) 
 m
ea
n 
(S
D
) 
  m
ea
n 
(S
D
) 
 m
ea
n 
(S
D
) 
 m
ea
n 
(S
D
) 
  m
ea
n 
(S
D
) 
Ca
rb
on
 
se
qu
es
tra
tio
n 
M
g 
C/
km
2 /
yr
 
6.
02
 (2
6.
89
) 
19
.2
1 
(4
7.
32
) 
6.
93
 (2
8.
87
) 
21
.1
8 
(5
0.
98
) 
6.
57
 (2
8.
01
) 
 17
.3
2 
(4
6.
30
) 
 
Fo
re
st
 fi
re
 
vu
ln
er
ab
ili
ty
 
 In
de
x 
 
0.
14
 (0
.5
3)
 
0.
43
 (0
.8
5)
 
0.
16
 (0
.5
6)
 
0.
44
 (0
.8
4)
 
0.
15
 (0
.5
5)
 
0.
36
 (0
.8
0)
 
O
ut
do
or
 
re
cr
ea
tio
n 
In
de
x 
(0
-1
) 
0.
17
 (0
.1
7)
 
0.
14
 (0
.2
7)
 
0.
17
 (0
.1
8)
 
0.
14
 (0
.2
7)
 
0.
17
 (0
.1
8)
 
0.
14
 (0
.2
5)
 
M
eg
af
au
na
 
Sp
ec
ies
 n
r. 
(0
-
7)
 
1.
28
 (0
.7
6)
 
1.
55
 (1
.0
2)
 
1.
31
 (0
.7
9)
 
1.
35
 (0
.9
2)
 
1.
29
 (0
.7
7)
 
1.
49
 (0
.9
6)
 
A
lie
n 
sp
ec
ies
 
ris
k 
Sc
or
es
 
(0
-3
) 
0.
38
 (0
.5
8)
 
0.
27
 (0
.5
1)
 
0.
38
 (0
.5
8)
 
0.
21
 (0
.4
7)
 
0.
38
 (0
.5
8)
 
0.
28
 (0
.5
2)
 
Fa
rm
lan
d 
sp
ec
ie
s 
ric
hn
es
s 
Sp
ec
ies
 n
r. 
(0
-
58
) 
24
.7
1 
(9
.0
9)
 
27
.0
9 
(1
1.
04
) 
24
.9
4 
(9
.3
0)
 
25
.9
8 
(1
0.
58
) 
24
.8
1 
(9
.2
0)
 
26
.8
1 
(1
0.
68
) 
Cr
op
 a
re
a 
Pe
rc
en
ta
ge
 
(%
) 
46
.4
4 
(3
50
6)
 
22
.0
4 
(2
9.
70
) 
44
.5
0 
(3
5.
30
) 
24
.8
8 
(3
1.
09
) 
45
.3
9 
(3
5.
20
) 
26
.8
0 
(3
2.
31
) 
Cu
ltu
ra
l 
he
rit
ag
e 
Sc
or
es
 
 (0
-2
) 
0.
27
 (0
.5
9)
 
0.
18
 (0
.5
0)
 
0.
27
 (0
.5
9)
 
0.
14
 (0
.4
1)
 
0.
27
 (0
.5
9)
 
0.
21
 (0
.5
9)
 
 
Trade-offs of European agricultural abandonment 
79 
 
The process of agricultural abandonment leads to a clear change in area characteristics over 
the period 2000-2040. The expected changes include higher values for carbon sequestration, 
fire risk probability and outdoor recreation for abandoned areas, when compared to stable 
agricultural areas. The habitat suitability for mammals also undergoes a positive change in 
abandonment areas; while there is a negative trend for stable agricultural areas (see Appendix 
4.4 for a comparison of all variables on a European scale). 
4.3.3 SPATIAL ENVIRONMENTAL TRADE-OFFS  
For the different scenarios we have tested the optimal number of clusters, based on Principal 
Component Analysis (PCA) and cluster statistics. This analysis showed that the three 
different scenarios had very comparable clustering patterns. The optimal number of clusters 
for scenario B2 and B2 Nature was 4 clusters, with scenario A1 having 7 clusters as optimal 
number, followed by 4. Closer examination showed that the clusters between the B2 and A1 
scenarios where very similar. Comparable patterns were also found for the B2 Nature 
scenario, although there was more explicit variation caused by the Cultural heritage values. 
As the overall patterns where very similar, we decided to use the clusters based on the 
reference scenario B2 for the three scenarios (see Appendix 4.5 for the B2 results). 
Figure 4-4 shows the four clusters that define the environmental trade-off bundles, with the 
cluster centers visualized. The values are normalized, using positional normalization to range 
-1 to 1, to enhance the comparability of each environmental variable. The results show a 
clear separation between the first two clusters and the latter clusters: Cluster 1 and Cluster 2 
are both defined by increased carbon sequestration and related increased forest fire 
vulnerability, while this is non- existent for Cluster 3 and 4. However, Cluster 1 has also a 
large increase in outdoor recreation values, followed by an increase in habitat suitability for 
mammals (“megafauna”). Contrastingly, Cluster 2 has a larger increase in habitat suitability 
for mammals, but no increase in outdoor recreation.  Clusters 3 and 4 have small or negative 
values for carbon sequestration, forest fire risk, outdoor recreation and megafauna. Cluster 3 
is characterized by major losses in farmland species richness compared to cluster 4, while 
also displaying the largest values for alien species risk. While the loss of crop share is large 
for Cluster 1-3, this is lower (<-0.32) for Cluster 4. Cluster 4 also has the highest values for 
Cultural Heritage loss (-0.11 compared to <0.06 for the other three clusters).  
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Figure 4-4 Average cluster characteristics showing the trade-off bundles resulting from future 
agricultural abandonment in Europe. The variable values presented are standardized to 
illustrate the quantification of each variable.   
Figure 4 5 shows the spatial patterns of the different clusters that represent the different 
trade-off profiles. The panels on the left show the dominant clusters for the NUTS 3 
regions. These results show clearly that Cluster 3 and 4 are overall most prevalent, while 
Cluster 1 and 2 are locally more dominant. Additionally, the panels at the right show the 
pairwise occurrence of the clusters (see Figure 4 5, right). In all three scenarios, Cluster 1 and 
2 occur in similar areas and are intermixed, similar to Cluster 3 and 4. This confirms that 
there are two groups of clusters; the “forest dominant groups” (Cluster 1 and 2) which have 
high values of carbon, forest fire vulnerability and either outdoor recreation and minor 
megafauna (Cluster 1) or megafauna (Cluster 2) and the “loss of agriculture group” (Cluster 3 
and 4); which are defined by the loss of agricultural-related values and increase in alien 
species risk while there are no increasing other values. 
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Figure 4-5 Left: Dominant cluster per NUT3 region for the A1, B2 and B2 Nature scenario. 
Right: zoom in on the cluster patterns on a pixel (1km2) level.  
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The areas that are dominated by Cluster 1 and Cluster 2 are characterized by favorable 
conditions for forest succession, as this is the most prevalent land cover in 2040 underlying 
both clusters (see Appendix 4.6). Areas defined by Cluster 1 and Cluster 2 are variable over 
the different scenarios, but stable areas occur e.g. for Bulgaria, Finland and Slovakia. Closer 
examinations of the results shows that these clusters mainly occur in mountainous areas, 
especially in and around mountain valleys, and in areas where agricultural abandonment 
causes an extension of already existing forestry areas. Figure 4-5 (right) clearly shows this for 
the areas along the Apennines (Italy). The influence of elevation partly explains the 
difference between Cluster 1 and 2, as a hilly and mountainous landscape has a positive 
influence on the outdoor recreation index.  
The areas characterized by Cluster 3 and Cluster 4  have semi-natural areas (i.e. shrubland) as 
most prevalent land cover in 2040 underlying both cluster (see Appendix 4.6). This indicates 
that the local conditions are less suitable for quick forest succession, e.g. by local biophysical 
conditions, the effects of low-pressure or occasional grazing and population pressure (see 
Verburg and Overmars 2009 for more details). While the dominance of Cluster 3 and 4 
seems relatively stable over the three scenarios, a more detailed look shows also new 
emerging patterns. For instance, in scenario A1 there is an emerging abandonment area in 
the Midi-Pyrenees that is dominated by Cluster 3. The emerging abandonment area in central 
Italy in scenario B2 Nature is clearly dominated by Cluster 4. Another example is the loss of 
cultural heritage in areas with well-known cultural landscapes such as Brittany (France). Here 
cluster 4, which has the highest values for cultural heritage loss, is prevalent.  
4.4 DISCUSSION 
4.4.1 Agricultural abandonment tradeoffs 
The objective of this paper was to characterize the spatial diversity in trade-off bundles of 
potential agricultural abandonment areas in Europe. Using three different scenarios, we 
assessed the contrasting options and underlying processes of agricultural abandonment and 
its future development. By developing a typology of areas characterized by similar trade-offs 
of abandonment, we identified regions that are facing similar management challenges and 
opportunities in the coming decades.  
Similarly to previous European land use predictions, such as by the Scenar 2020 and 
EURURALIS projections, the highest levels of abandonment are expected for scenarios that 
anticipate global competition in agriculture and low CAP support for extensive farming 
(Keenleyside and Tucker 2010). Here, agricultural abandonment is the effect of 
intensification of suitable arable land, with marginal and unsustainable economic areas 
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becoming abandoned. Scenario B2 also shows agricultural abandonment although the 
abandonment is tempered by CAP measures to a certain degree. For the B2 Nature scenario, 
abandonment is mainly the result of enhanced nature protection policies that restrict the 
possibilities for agricultural land and subsequently influences land prices, leading to a reduced 
demand for pasture and arable land when compared to the B2 scenario. In spite of the 
different processes, the spatial patterns show an overall similarity with mostly regional 
differences. The cluster analysis reveals that impacts of agricultural abandonment based on 
the different indicators are location dependent. The analysis further shows that a majority of 
abandonment locations is characterized by the potential losses of agricultural production 
with only limited potential for carbon sequestration due to unfavorable conditions for quick 
forest succession at many locations of agricultural abandonment. 
4.4.2 Methodological issues 
In general, trade-offs and synergies between different spatial land management impacts can 
occur over time, across different spatial scales and with varying reversibility (Rodriguez et al. 
2006). Our results clearly show spatial patterns in the occurrence of different trade-offs, but 
an analysis based on different units (e.g. higher administrative or ecological units) could 
therefore result in a different outcome. This is caused by the scale-sensitivity of the input 
variables and agricultural abandonment impacts (e.g. Spiegelberger et al. 2006; Rey Benayas 
et al. 2007), as well as the additional information linked to certain analysis units (e.g. 
culturally influenced administrative boundaries; see Raudsepp-Hearne et al. 2010). 
Assessment of the interactions between the different impacts was not the focus of this study. 
It is important, however, to underline that environmental responses and ecosystem services 
are not independent of each other and that there any multiple mechanisms that can lead to 
these trade-offs (Rodriguez et al. 2006).  
For the trade-off analysis, we have chosen to focus on indicators that were on the forefront 
of the agricultural abandonment debate. However, there are several other indicators that are 
also influenced by agricultural abandonment and that are worth investigating. These include, 
among others, erosion and soil stability (MacDonald et al. 2000; Lesschen et al. 2008), 
cultural values beyond heritage (Antrop 2005; Agnoletti 2014) and freshwater quantity and 
quality (Rey Benayas et al. 2007; Cerqueira et al. 2015).  
A main factor affecting the quality of the analysis is the quality and quantity of the data used. 
For the land use predictions, previous studies have indicated that robust spatial patterns can 
be obtained despite the inherent uncertainty and have further investigated the error and 
uncertainty for these linked modelling systems (Verburg et al. 2013c; Dunford et al. 2014). 
The accuracy of the models within the impact assessment is varied, depending on the 
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available models and data. To account for a sufficient data quality, we have chosen to use 
indicators that have been previously published if available, while noting that all available 
proxies and indicators are strongly simplified from the underlying ecological and socio-
economic processes given the large extent of analysis. As we have combined different data 
types with different degrees of spatial explicitness and different levels of precision, the 
resulting outcome has errors which cannot easily be quantified, an issue acknowledged in 
comparable proxy-based studies (Eigenbrod et al. 2010). Specific limitations exist for the 
cultural heritage indicator, as cultural values such as cultural heritage are difficult to 
incorporate in large-scale spatial assessments (Daniel et al. 2012). While we argued that 
traditional agricultural landscapes represent an important class of cultural landscapes that 
includes different cultural elements, cultural heritage is a broader concept that also could be 
presented by specific remnants or cultural landscapes outside of agriculture (Daniel et al. 
2012; Tengberg et al. 2012).  
4.4.3 Implications 
Coping with agricultural abandonment and rural depopulation is an important European 
policy challenge (FAO 2006; Pinto-Correia and Breman 2008). The discussion on the 
appropriate policy response to agricultural abandonment is clearly linked to the global 
discussion on the optimal spatial organization of land uses that could maximize carbon 
sequestration, biological conservation and food production in multifunctional landscapes 
(e.g. Wilson 2007; Phalan et al. 2011) and the recent focus on outlining the components that 
would inform decisions about optimal land uses (Seppelt et al. 2013; Rudel and Meyfroidt 
2014). Several authors cave stated that rural depopulation and agricultural abandonment may 
provide opportunities to reconfigure land use and implement sparing strategies, aimed at a 
spatial separation of intensive agriculture and natural areas in many areas, at lower social 
costs (Grau et al. 2013; Navarro and Pereira 2015). In our study we show that, at least for 
some regions, such a strategy may have negative impacts. 
Different factors have influenced the agricultural landscapes in Europe and subsequent 
policy challenges, with a large role of the Common Agricultural Policy (CAP).  The current 
orientation of the CAP has changed from a production focus to an increased focus on 
environmental concerns and land stewardship incentives (Lowe et al. 2002; Burton and 
Schwarz 2013). Consequently, areas that are sensitive to agricultural abandonment are 
covered by a combination of different policies. Besides rural subsidies (single farm payments) 
and land management incentives (agri-environmental schemes), specific policies focus on 
local needs. For instance, 92 % of EU mountain regions are designated as Less Favoured 
Area, of which 43% is a Natura 2000 protect area and 51% is defined as High Nature Values 
Farmland (EEA 2010c). Despite the CAP support towards agriculture and rural 
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development, including measures to manage and support extensive and high-value farmland, 
rural depopulation is currently not adequately halted and the decrease of GDP and 
employment based on agriculture is predicted to increase even further (Nowicki et al. 2007; 
Navarro and Pereira 2015).  
A better targeting and improved integration of current EU policies and management 
strategies regarding agricultural landscapes is therefore vital and has been identified as a 
current shortcoming (Baylis et al. 2008; EEA 2010c; Burton and Schwarz 2013). Targeting, 
which means appropriate objective setting and instrument provision, has been limited to a 
focus on geophysical conditions and environmental threats to sensitive areas (Piorr et al. 
2009). Poor targeting and a lack of payment differentiation are important factors related to 
the ineffectiveness of current rural development projects and agri-environmental schemes 
(Young et al. 2005; Marsden and Sonnino 2008; Moxey and White 2014).  
The identified areas of comparable abandonment impact can help in connecting areas that 
are facing similar management challenges and provide a first guideline to target policies and 
determination of the ‘optimal use’. It may help to target which areas benefit most from 
biological conservation efforts, passive or mild levels of intervention associated with 
rewilding, or the stimulation of traditional farming systems and rural development (Nijsen et 
al. 2012; Grau et al. 2013; Lomba et al. 2014). In the presented trade-off analysis all 
indicators of impacts are given an equal weight. Depending on values, norms and interests of 
the local population and policy targets, a weighting of the considered impacts could be 
applied for delineation of areas with relevant management challenges.   
Frameworks for land management at a landscape scale could help achieve more cost 
effective management to deliver different targets (Henle et al. 2008). For instance, current 
agri-environmental schemes do not encourage landscape level coordination while it is 
suggested that this is economically more efficient than a farm level approach (Wünscher et al. 
2008; Prager and Freese 2009; van Zanten et al. 2013). Part of a targeting approach could 
include wilderness regulation/rewilding as land management option, including zonation with 
different levels of protection and intervention (Navarro and Pereira 2015). In this regard, 
rewilding can be seen as a particular case of restoration that can contribute to archive specific 
carbon sequestration and biodiversity goals, especially regarding large mammals and old-
forest specialists (European Commission 2013a; Navarro and Pereira 2015), and potentially 
increase the ecological coherence and connectivity of protected areas in the EU. Both 
directions of the targeting approach, either a focus on rural development or rewilding, are 
not regionally incompatible, as passive management and rewilding of abandonment can be 
spatially and functionally compatible on a larger regional scale (Lomba et al. 2014; Merckx 
and Pereira 2014). 
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Overall, our results indicate that location is key in assessing the impacts of agricultural 
abandonment in Europe. The results confirm that agricultural abandonment can have both 
negative and positive consequences, for instance, while abandonment of certain areas has 
carbon sequestration and habitats for large mammals as a positive consequence, this is in 
other places accompanied with large losses in, among others, cultural heritage landscapes and 
crop share.  We therefore argue that the discussion on agricultural abandonment should 
focus more on this spatial diversity and target at context-dependent, nuanced policy and 
management strategies.  
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5. ABANDONMENT LANDSCAPES: USER ATTITUDES, ALTERNATIVE FUTURES AND 
LAND MANAGEMENT IN CASTRO LABOREIRO, PORTUGAL.    
 
ABSTRACT 
Land abandonment is an important process for the European Union, which primarily occurs 
in less productive, remote and mountainous areas with unfavorable conditions for 
agriculture. Future management directions of these abandonment areas are under debate, 
with increasing calls to adjust policies to the local characteristics, including the promotion of 
rewilding and the management of succession of larger areas of less-productive land. While 
there is an increase in studies focusing on the environmental impacts of land abandonment, 
there are few studies that focus on the perceptions of abandonment by different user groups, 
even if an understanding of local perceptions, opportunities and tradeoffs associated with 
changing land management are crucial for landscape-related policies and planning measures. 
In a case study in Northern Portugal, we used a combination of statements, photograph 
rating exercises and open questions to assess the perceptions of land abandonment and 
preferences for different possible trajectories after abandonment for local inhabitants, 
visitors and experts. The results shows that all user groups have a negative response towards 
abandonment and associate land abandonment mainly with negative emotions and the loss 
of heritage and traditions. The assessment of the different abandonment stages and 
outcomes clearly yielded different preferences and explanations, which can be used as input 
for finding a common ground for landscape management, reducing conflict and as starting 
point for a more spatially targeted and nuanced management approach.  
Based on: 
Emma H. van der Zanden, Sónia M. Carvalho-Riberio, Peter H. Verburg. Abandonment 
landscapes: user attitudes, alternative futures and land management in Castro Laboreiro, 
Portugal. In review for Land Use Policy. 
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5.1 INTRODUCTION 
European rural landscapes currently undergo large changes, in which land abandonment  and 
agricultural decline is an important process, especially in mountainous areas (MacDonald et 
al. 2000; Soliva et al. 2008). The ongoing rural exodus is projected to continue in the future 
(Stürck et al. 2015). The future management directions of abandonment areas are under 
debate; while currently many agri-environmental subsidies target marginally productive land 
to maintain both low-intensity farming practices and (agro-) biodiversity conservation 
practices (EEA 2010c; Lomba et al. 2015), there are increasing calls for a reform of this 
system based on local characteristics, which would include the promotion of rewilding and 
the management of succession of larger areas of less-productive land (Merckx and Pereira 
2014).  
An overview of recent studies on land abandonment in Europe showed that land 
abandonment primarily occurs in less productive areas, remote and mountainous regions and 
areas with soil erosion or unfavorable climatic conditions for agriculture. Secondary drivers 
of land abandonment include rural depopulation and regional specific factors regarding land 
ownership and tax regimes (Rey Benayas et al. 2007; Keenleyside and Tucker 2010). 
Agricultural policies also play an important role, as abandonment often occurs in areas where 
the land productivity does not provide an adequate income for farmers. However, even with 
the support of subsidies such as the Less Favored Areas (LFA) support and agri-
environmental payments agriculture in these areas is often not competitive (Keenleyside and 
Tucker 2010). 
Rewilding has been proposed as a new approach to manage abandoned farmlands in Europe 
to contribute to nature conservation objectives (Navarro and Pereira 2012; Merckx and 
Pereira 2014; Jepson 2015). However, in public perception abandoned farmland is often 
perceived negatively as unkempt land and associated with the loss of economic stability 
within a region (Höchtl et al. 2005; Bauer et al. 2009). Another challenge to rewilding as a 
management option are the dynamics of the process of abandonment: it is not a static 
process, but a transitional stage that leads to different long-term outcomes (Munroe et al. 
2013). The transition period from abandoned land to forest has a variable length, but this 
process is often slow due to biotic and abiotic limitations (Verburg and Overmars 2009; 
Benayas and Bullock 2015). Succession is, furthermore, dependent on the historical land use 
related soil modifications, with land degradation influencing the regeneration ability (Cramer 
et al. 2008). The local environment and availability and quality of the native seed bank also 
highly influence the regeneration ability (Benayas and Bullock 2015). Therefore, certain 
regions are dependent on assisted or active regeneration. In general, scientific literature 
shows both positive and negative social and environmental consequences and tradeoffs 
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following agricultural abandonment over varying temporal and spatial scales (Munroe et al. 
2013; Lasanta et al. 2015).  
Planning and policy that either aims at preventing agricultural abandonment or aims at 
managing abandoned areas should take these challenges into account to  better assess the 
rural management options. In addition, for local policy in areas that undergo abandonment, 
an understanding of the local perceptions, opportunities and tradeoffs associated with 
changing land management is necessary (Bauer et al. 2009; Vila Subirós et al. 2015). A 
common method for the assessment of rural management options in landscape research has 
focused on public preferences of land use management and landscape aesthetics. In such 
studies the perception of different social groups is an important topic (Van den Berg and 
Koole 2006; Hunziker et al. 2008; Ruskule et al. 2013). This became more important since 
the users of landscapes are no longer only the farmers, but now also often include tourists 
and other visitors, especially as areas facing abandonment often have many scenic elements. 
Furthermore, studies that focus specifically on land abandonment and perceptions for its 
management are still few (e.g. Benjamin et al. 2007; Ruskule et al. 2013). Also studies that 
analyze the perception and assessment of land abandonment and related land change among 
different societal groups are lacking (Hunziker et al. 2008), even though knowledge about 
perceptions and assessment of landscape changes by different societal groups is crucial for 
landscape-related policies and planning measures, e.g. in helping the identification of 
planning goals that reconcile the views of various public groups and minimize conflicts 
(Hunziker et al. 2008; Smith et al. 2011). 
Therefore, the aim of this paper is to assess how different landscape user groups experience 
the process of land abandonment in a study area with ongoing land abandonment. In this 
research, we focus both on the perception of the overall impact of land abandonment as well 
as on the public preferences of different groups for different ‘abandonment landscapes’ that 
represent both the environmental outcome, the stage of abandonment and regrowth and 
different possible trajectories after abandonment. Finally, we measure the perception of 
alternative future management options. Using a combination of statements, photograph 
rating exercises and open questions, we aim to move beyond a one-dimensional assessment 
of abandonment. Based on the results from the questionnaires and interviews, we explore 
new directions and indicators for future management strategies.  
This research is located in the Portuguese parish of Castro Laboreiro, Northern Portugal. 
This area can be taken as an example of the areas that experience loss of extensively used 
agricultural landscapes in mountainous areas throughout Europe.  
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5.2 METHODS 
5.2.1 Case study area 
The parish of Castro Laboreiro is part of the municipality of Melgaço and measures 
approximately 9940 hectares, with an elevation between 300 m and 1340 meter above sea 
level. The relief divides the area in a high plateau and a valley section from north to south. 
The plateaus are mainly dominated by pasture used for cattle grazing, while oak forest 
patches of Quercur robur and Quercus pyrenaica mainly occur in the valley (Figure 5-1).  
 
Figure 5-1 Location of the Castro Laboreiro case study area, land use based on 2007 aerial 
georeferenced photographs (Rodrigues 2010) 
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The area has a temperate Mediterranean climate, which is defined by mild winters and warm 
summer months. Since 1971, Castro Laboreiro is part of the Peneda-Gerês National Park 
with the aim to protect the high natural value landscape. It is also part of Natura 2000, a 
European protected area network. The park authority has considerable influence on planning 
and development in the area, including national park stipulations for development plans, 
residential zoning, architectural specifications and landscape management (van Berkel et al. 
2011; Cerqueira 2014).  
Castro Laboreiro provides a unique context to study land abandonment, as the area 
underwent large land use changes during the past 60 years. Historically, agro-pastoral 
activities were widespread, with seasonal migration from summer villages at the plateau 
(brandas, 15 in total) to winter villages in the valley for the milder climate and better growing 
conditions (inverneiras, 18 in total). Agriculture was focused on subsistence with small-scale 
farms (<2 ha) with grazing on common land (baldios) on the plateau during the summer 
months (Domingues and Rodrigues 2008). Land abandonment first occurred as a result of 
political and socio-economic changes in the 1940s. From the 1940s onwards, the 
afforestation programs in the Minho region, together with grazing limitations on communal 
lands led to reduced incomes. Male out-migration for employment opportunities elsewhere 
in Europe was an important process in the period of 1960-1970 and 1980-1990. While many 
former inhabitants returned in the 1980s and agricultural activities increased again, many 
young farmers discontinued their practice in the early 1990s as a result of diminishing 
government support and adaptive capacity (Edwards and Fernandes 1999). 
As a result of strong depopulation during the past 50 years, the parish is now inhabited by an 
aging, predominantly female, population of 540 residents (Instituto Nacional de Estatistica 
2012). The seasonal transhumance has decreased since the early 1980s and now occurs in a 
limited number of villages only. The parish now consists of 8 fixed villages and many 
farmers chose to stay in the well-established plateau houses, leaving the valley homes 
increasingly abandoned. Currently, the plateau is mostly used for grazing cattle (cachena, 
barrosã), sheep and goats. In the valley, fodder production is one of the land uses left, while 
other fields are increasingly abandoned (Domingues and Rodrigues 2008). Remaining 
farmers receive subsidies to maintain traditional farming and pastoral activities. The 
demographic composition of the village is also changing, as the number of newcomers that 
focus on the tourist industries or on hobby farms and vacation homes has increased. As a 
result of these major demographic and land use changes, the main policy concern for the 
area is how the abandonment of agricultural use will affect the agro-environmental and 
regional aesthetic character of the area, possibly reducing the tourist attraction. An example 
of a new policies focused to combat these changes is the establishment of an integrated 
territorial intervention (ITI) zone in the National Park by the rural development program of 
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Portugal that focusses on subsidies for agricultural management activities (e.g. or 
maintenance of local livestock breeds) (van Berkel et al. 2011).  
5.2.2 Questionnaire setup 
The method is based on a structured questionnaire that consists of six blocks, each having a 
different purpose within the study (see Figure 5-2). To address different stakeholders, three 
different variants of the questionnaire were used, with specific questions targeted to local 
inhabitants, visitors and experts. We have chosen to use multiple methods within the 
questionnaire, including both qualitative open ended questions as well as questions suited for 
quantitative analysis and a photo ranking exercise to assess the different dimensions of 
abandonment. For the quantitative questions, we used a combination of preference rating for 
certain statements on a 5 point Likert scale, ranking exercises and questions with a 
predefined answer. Most questions were cross-checked in the questionnaire to ensure 
robustness of results. To ensure a correct phrasing and understanding of the questions we 
have pre-tested the questionnaire.  
The first section of the questionnaire is used to assess the current landscape, starting with a 
visual description “If you could take a photo of the aspects your like the most about the 
Castro Laboreiro countryside, what and where would you take this picture?”. This question 
was framed in this way to generate responses that focus on the aspects of the landscape that 
respondents would convey to others, who might or might not be familiar with the region, 
following Carvalho-Ribeiro et al. (2013). The second section focused on different 
dimensions of land abandonment. Among others, we are interested in how respondents 
experience the trade-off between the different positive and negative consequences of land 
abandonment in the area. We have used two constant sum questions, as this type of question 
permits the collection of the relative importance of the options (Cohen et al. 2011). The 
listed negative and positive consequences were selected from a pre-testing exercise. To be 
able to compare the trade-off, we also asked respondents to weight the consequences and 
give their perception of the overall impact, on a 5-point Likert scale.  
Before answering the third section of questions, each respondent was shown pairwise 
photographs representing different growth stages of typical abandonment landscapes in the 
area, to use in a photograph ranking exercise regarding the attractiveness of the landscape. 
The different abandonment landscapes were identified in the field and discussed with 
ecologists familiar with the area. We have selected separate photographs for the plateau and 
the valley, because of the different landscape and the manifestations of different traditional 
functions. 
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Figure 5-2 Content of the questionnaire. Specification of questions is available in  
Appendix 5.1.   
 
Five abandonment landscapes were identified for the valley (see Figure 5-3): oak forest 
(Quercus robur and/or Quercus pyrenaica), tall shrublands (dominated by different broom 
species, such as Cytisus scoparius, Cytisus grandiflorus DC), low shrublands (mainly 
perennial herbs and woody species), Acacia encroachment (mainly Acacia dealbata) and 
plantations (both Pinus pinaster, Pinus sylvestris as well as subsidized fruit trees such as 
chestnut). As the plantation category does not exist in the Plateau it was therefore omitted. 
To ensure the comparability of the pictures, we have focused on comparable size, contrast, 
coloring and view depth of the pictures, using some digital post-processing. The use of 
photographs in landscape preference studies is a common practice, as photos show the 
landscape in a holistic way and close to a real-life experience of the landscape (see e.g. Palmer 
and Hoffman 2001).  
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As one of our aims is to explore future management strategies, we assess different 
management preferences in the fourth section. Finally, the last two sections of the 
questionnaire focus on specific user group characteristics and the socio-economic profile of 
the respondents to obtain information on a number of personal variables that are expected 
to influence the preference of individuals towards landscapes. We focus on the individual 
characteristics that influence the preference for wild versus managed natural setting, as we 
believe that this applies most to an abandonment situation. Although there are no firm 
conclusions about underlying variables (Kaplan and Kaplan 1989), variables that are believed 
to influence individual preferences between wild and managed landscapes are, among others, 
place of residence, socio-economic characteristics and recreational motives (Van den Berg 
and Koole 2006). Connection to agriculture and environmental attitude are further believed 
to have an influence on landscape preference (Kaltenborn and Bjerke 2002; Van den Berg 
and Koole 2006). The opinion on the degree of human influence needed to manage a 
landscape is also a key dimension that helps in describing people’s landscape perception (Van 
den Berg and Koole 2006).  
5.2.3 Sampling approach 
A theoretical sampling approach was applied, which is also used in comparable studies 
(Hunziker 1995; Hunziker et al. 2008; Ruskule et al. 2013). This approach is based on the 
focus of a maximum variety among the respondents according to sample-selection criteria 
relevant to the particular objectives of the study. The criteria we focused on during the 
sampling where for local inhabitants to include all age groups, levels of education, both sexes 
and different levels of engagement in agriculture. For tourists, we focused to include all age 
groups, different focuses of the recreational activities, places of residence, level of education 
and both sexes. The group of experts consisted of experts and decision makers that worked 
on landscape management issues on a regular basis: in policy, education, research or 
management. The selection of experts was focused on representing different fields related to 
land management: agriculture, forestry, ecology, landscape research and spatial planning. The 
requirement for this group was to be familiar with the Castro Laboreiro and Peneda-Gerês 
National Park.  
We have in total performed the questionnaire on 120 persons; 49 local inhabitants, 57 
visitors and 17 experts. Each questionnaire lasted approximately 45 minutes, although the 
interviews with local inhabitants and experts often exceeded this. The questionnaires were 
performed between August-September 2014, by a research team consisting of two 
Portuguese and one Dutch researcher. 75 interviews were conducted in Portuguese, 24 in 
English and 5 in total in either Dutch, French, Spanish or German. Both the Portuguese and 
English questionnaire had been pretested to ensure consistency in terminology and meaning.  
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Figure 5-3 Different abandonment landscapes, as delineated in Castro Laboreiro. The photos 
in the left show a close-up and the photos on the right are distant views. This set of 
photographs represents the landscapes in the valley section of the landscape at different 
stages of regrowth after agricultural abandonment (see Appendix 5.2 for the photographs 
representing the plateau section). 
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5.2.4 Data analysis 
All results of the questionnaire were coded in a database and open questions were first 
transcribed into full text and consequently the most common used phrases and keywords 
were listed and grouped if necessary, using the Keywords in Context Analysis (KWIC) 
technique (Ryan and Bernard 2003). After establishing the appropriate groups of responses, 
we listed the amount of responses containing the phrases using a binary coding system.  
For the statistical analysis, we first tested for the normality and the homogeneity of variance 
of quantitative responses using the Shapiro-Wilks test and Barlett test respectively. We used 
the non-parametric Kruskal-Wallis test followed by a Bonferroni-Dunn test for multiple 
comparisons to analyze the group differences of the ordinal responses. To analyze the group 
differences for binary data, we used Pearson's Chi-squared test and Fisher’s exact test, with 
the latter being more suitable for small sample sizes. We used linear regression to fit a model 
to explain the overall abandonment impact from the socio-economic variables describing the 
respondents. Spearman’s rank correlation coefficient was used to evaluate the relationship 
between the preferred management direction and socio-economic variables describing the 
respondents. Spearman’s rank correlation coefficient was also used to check for correlations 
between explanatory variables; removing variables with a correlation >0.7 to avoid 
multicollinearity. Multicollinearity was also assessed with the variance inflation factor (VIF). 
For variable selection, we selected the best model from the regression dataset by preforming 
a pre-test with all possible combination, followed by backward stepwise selection, For the 
selection of the models we used a critical level of α = 0.01 and Akaike's information criterion 
(AIC). All models are implemented in R (R Development Core Team, 2008, using the 
packages MASS, dunn.test and vegan (Oksanen et al. 2015).      
5.3 RESULTS  
5.3.1 Profile of the different user groups  
The average age of respondents was 47 years, with the highest average of 53 years for local 
respondents (see Table 5-1 for an overview). Our sample consists of slightly more females 
than males, especially for local inhabitants and experts. Both values for local inhabitants are 
expected, as Castro Laboreiro inhibits mainly women (62%) and elderly, with most 
inhabitants in the 65-69 age category (Instituto Nacional de Estatistica 2012). The 
respondents have a generally high (49%) education level, especially among visitors (56%). 
The locations of origin, as expected, differ per user group. From the local inhabitants, the 
vast majority (78%) originates from Castro Laboreiro, with 20% coming from other regions 
of Portugal. The visitor profile shows that 75% is a domestic tourist, with the majority 
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originating outside of the Northern region. The vast majority of respondents reports that 
they have a connection with agriculture (overall 67%, local inhabitants as high as 88%). 
Regarding the degree of human influence preferred in the landscape, local inhabitants clearly 
find human influence necessary for natural areas, while this is less important for visitors and 
experts.  
Visitors of Castro Laboreiro have a varied profile. The general time spend is equally divided 
between first visitors, 2 – 5 times and >10 times (each 32% of our sample). Almost half of 
the visitor came to Castro Laboreiro on a daytrip, followed by multiple days (32%). The 
remainder of the group came for a week or longer stay. The main purpose of most trip – 
where multiple answers were reported - was sightseeing (60%) followed recreation (38%) and 
family or friends’ visit (24%). Two visitors specifically mentioned a visit to see the local dog 
breed (Cão de Castro Laboreiro). Twenty-nine respondents clarified their recreation purposes, 
with most focused on walking/hiking (27 respondents) followed by a nature focus (11 resp.) 
and other outdoor sports (13 resp.). 
 The descriptive statistics of the local inhabitants highlight the traditional agricultural origin 
of Castro Laboreiro. Although only a limited number of respondents list farming as their 
primary profession, 73% of all local respondents owned fields and/or animals (e.g. cattle, 
sheep, goats). As the majority of land and animal owners gain less than half of their income 
from agriculture, it is mainly focused on home consumption. Fifty-five percent of local 
inhabitants report that they make use of the communal lands of the village for livestock 
grazing. More than half of the land owners (65%) mentioned that they have abandoned (part 
of) their land, due to retirement, reduced physical ability linked with age, the lack of subsidies 
and the limited financial payback. 
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Table 5-1 Descriptive summary of the interviewees. Significant differences for all respondents 
or of a user group with both other user groups indicated by **, significant difference 
between selected user groups are indicated by *.  
  
All Respondents Locals Visitors Expert 
n 
 
122 49 57 17 
Age (average)1 
 
47** 53** 43 43 
Gender (%) male 43 41 47 35 
 
female 57 59 53 59 
Education (%) basic2 11** 20* 7 0 
 
intermediate 27 33 28 6 
 
high3 49** 27** 56** 88** 
 
retired 12 20 9 0 
Household membership (%) 
single 31 27 39 18 
partner4 25** 35 14 29 
 
partner + kids 36 31 37 47 
 
kids# 4 6 4 0 
 
family# 2 0 5 0 
Income (%) <500euro 21** 33* 18 0* 
 
500-1000 euro 17 24 16 0 
 
1000-1500 euro 16 14 14 24 
 
1500-2500 euro5 20** 8** 25 35 
 
>2500 euro6 21** 10* 28* 29 
Location of  
origin (%) 
Castro Laboreiro7 38** 78** 14 0 
North of Portugal8 11** 2** 14 24 
 
Central and Southern Portugal9 36** 20** 44 53 
 
Abroad10 13** 0* 25* 12 
Connection w. agriculture11 
Degree of human influence (rating12)13  
67** 
2.03** 
88** 
2.58* 
54 
1.72 
47 
1.75 
1χ2 = 11.254, d.f. = 2, p = 0.0036.2Fisher’s exact test p = 0.0296, local – visitor p = 0.04939. 3Fisher’s exact test p 
= 2.176e-06. 4Fisher’s exact test p = 0.03583.# not included 5 Fisher’s exact test p = 0.01019, local – expert p = 0.0
06869. 5 Fisher’s exact test p = 0.01303. 6Fisher’s exact test p = 0.03646, local – visitor p = 0.02771. 7Fisher’s exact
 test p = 4.643e-14. 8Fisher’s exact test p = 0.00969. 9Fisher’s exact test p = 0.007091. 10Fisher’s exact test p = 0.00
01538, local – visitor p = 7.918e-0511Fisher’s exact test p =5.759e-05.12Rating of statement ‘Natural areas without 
human influence are useless’ on 5-point Likert scale, 1 = not agree at all, 5 = fully agree 13χ2 = 6.515, d.f. = 2, p 
= 0.04.   
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When inhabitants describe the “Castrejo way of being” to imaginary outsiders of the area, 
this reflected the traditional agricultural origin of the region. Two visual descriptions 
dominated the response: traditional agriculture as the typical land use for the area, followed 
by women working in the fields wearing a traditional outfit, within a mountain setting. As 
land use, also oak forest was mentioned, while reported heritage features included the small 
villages, pilgrimage places, the local dog breed and baking bread in a traditional way. As 
physiographical features, the plateau, valley and the river were mentioned. When focusing on 
the local culture, the hard working attitude, social cohesion and closed society, with some 
distrust to outsiders, were among the most mentioned aspects.  
5.3.2 Current situation and landscape preference  
We analyzed the current landscape preferences of the respondents by classifying the aspects 
of the Castro Laboreiro landscape that the respondents liked the most (Figure 5-4). The 
majority of the respondents would take a photo of the small villages (heritage category), 
followed by the mountain landscape (physiography category) and the traditional agriculture 
(land use category). Local inhabitants mentioned traditional agriculture (land use category) 
and the small villages (heritage category) the most, with traditional agriculture was 
significantly mentioned more often by local inhabitants than by the other user groups, when 
testing for all classes with an n above 10 (Fisher’s test p = 0.0001974, local - visitor). The 
view from the Castle (aesthetic category) and the mountain/rock landscape (physiography 
category) were mentioned most often by visitors, whom significantly mentioned more 
aspects from aesthetic categories (Fisher’s test p = 0.003776). Oak forest (land cover 
category) was most often brought up by experts, as they mentioned significantly more 
aspects from the land cover categories than the other user groups (Fisher’s test p = 
0.008502). 
We also classified the aspects of the Castro Laboreiro landscapes that the respondents 
disliked the most. Here, the overall highest category were modern houses disrespecting the 
traditional style (17%), abandoned villages (10%) and litter (10%), as well as signs of farming 
discontinuation (8%) such as stone walls falling apart or hedges not cared for. It should also 
be noted that more than 20 respondents said they like everything in the area.  
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Figure 5-4 Categorized responses of the most liked aspects of the Castro Laboreiro 
countryside 
5.3.3 Opinions on dimensions of land abandonment  
5.3.3.1 Perception of land abandonment  
Abandonment in the area of Castro Laboreiro has clear visual effects on the local landscape, 
with respondents reporting the increase of shrubland and specific shrub species, decrease of 
domestic animals, increase of alien species and the visible collapsing of houses and other 
structures (e.g. stone walls). Some respondents also associate the growth of shrubs with an 
increase in forest fires. Several respondents report on the increase of wild animals, with a 
number of local inhabitants reporting on their negative attitude towards the wolf (Iberian 
wolf, Canis lupus signatus), which they perceive as dangerous and a threat to the domestic 
animals.  
The overall impact of the discontinuation of traditional farming is perceived negatively 
among all user groups, although there are some differences between the groups. Experts give 
a significant more positive rating, 2.8 on a 5-point Likert scale ranging from very negative to 
very positive, as compared to both local inhabitants and visitors (2.0 and 2.1 on a 5-point 
Likert scale, respectively), revealed through a post-hoc Dunn’s test (χ2 = 9.2865, d.f. = 2, p 
= 0.01). There is hardly a difference between local inhabitants and visitors. 
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Regression results indicate that respondents are more likely to be positive about 
abandonment when they are part of the expert group, have a connection with agriculture, are 
not from Castro Laboreiro or surroundings and indicate that human influence is not a 
necessary aspect of a natural area (see Table 5-2). The latter two are however not significant.    
Table 5-2 Linear regression for overall abandonment impact score. 
 
Coefficient Standard deviation t value p>|t| 
Intercept 2.436 0.20966 11.617 <2*10-16*** 
Expert group 0.602 0.29216 2.059 0.0419* 
Human influence -0.135 0.06706 -2.006 0.0474* 
Local  -0.292 0.22972 -1.269 0.207 
Connection agriculture 0.096 0.23886 0.402 0.6884 
Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001   
d.f. = 107 
AIC = 321.52, R2 = 0.13,  Adjusted R2 = 0.10 
 
The overall negative attitude towards land abandonment is reflected in the words or 
emotions that respondents linked to abandonment, which is most often associated with 
words as sadness, [the feeling of being] abandoned and left behind and emotions related to 
the loss of a former agricultural lifestyle (e.g. nostalgia, saudade - the latter is a Portuguese 
term for a deep nostalgic of melancholic feeling) (see Figure 5-5). A 54-years old local 
inhabitant for instance notes: “Sadness, because we can't work them [the fields] and our kids 
had to leave because they didn’t have a future here”. A smaller number (12% of all 
respondents) reports mixed or more positive feelings, for instance stating: “Mixed: both 
good and bad. Bad especially for the fire risk: if there is more agriculture, there is more risk 
[as some farmers burn shrublands to enhance grass growth for animals]” (local inhabitant, 38 
years) and “On one side it is sad because the fields are abandoned, on the other side people 
have a better living [now]” (visitor, 56 years).  
Sadness is an emotion that local inhabitants connect most to abandonment (65% of locals), 
followed by visitors (44% of visitors) and experts (19% of experts). For local inhabitants, the 
aging population and the deprivation of agriculture are also often mentioned. For visitors, 
sadness and the feeling of being left behind are the most mentioned responses. Experts most 
often mention the loss of traditions (31%), which is mentioned by 12% of visitors and 2% of 
locals (2%). From the group differences, only the group differences for ‘sadness’ and ‘loss of 
traditions’ are significant (Fisher’s exact test and post-hoc analysis; p = 0.002 and p = 0.005, 
respectively). 
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Figure 5-5 Words and emotions related to discontinuing farming traditions in Castro 
Laboreiro (% of user groups who indicated a particular feature) 
5.3.3.2 Trade-off of different dimensions of land abandonment 
We are particularly interested in what consequences are associated with land abandonment in 
Castro Laboreiro (see Figure 5-6). Scores assigned to a selection of pre-tested consequences 
and gains of land abandonment revealed that the loss of heritage is regarded as the most 
important negative consequence, followed by increased fire risk, as forest fires will be more 
threatening when extensive areas are under succession, and the loss of income sources. The 
increased area for wild animals and the increase of oak forest are seen as the most important 
gains. Touristic potential is listed under both the positive and the negative consequences. 
About the tourism in the area, a 31-year old visitor for instance commented: “Increase in 
tourism is especially the result of the city people who have a renewed interest in the 
countryside. For instance secondary houses from people in Porto, such as artists and 
journalists”, and also mentioning “Tourism is slowly starting, but not equal to the loss of 
agriculture”.   
Abandonment landscapes in Castro Laboreiro, Portugal 
105 
 
Figure 5-6 shows that all user groups had remarkable uniform responses to the negative 
consequences, while for the positive consequences the increase in oak forest is significantly 
higher rated by the experts (χ2 = 12.146,  d.f. = 2, p = 0). Local inhabitants clearly are more 
negative about the gains of abandonment and give a high value for “no gains”, but this effect 
was not significant. 
 
Figure 5-6 a) Negative and b) positive consequences of land abandonment in Castro 
Laboreiro. Average ranking assigned by respondents; distributing 10 points per respondent.  
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5.3.4 Preference for abandoned landscape types 
To assess the preference for the different trajectories of landscape development after 
abandonment, respondents ranked pictures from different types of abandoned landscapes in 
Castro Laboreiro based on attractiveness (see Figure 5-3 for landscape photographs). Oak 
forest clearly was the most preferred landscape future, followed by low shrubland, tall 
shrubland and Acacia encroachment as the least preferred, both for the valleys and for the 
plateau part of the landscape (valley: χ2 = 183.8546, d.f. = 4, p = < 2.2*10-16, plateau: χ2 = 
178.1069, d.f. = 3, p = < 2.2*10-16). For the valley, which also includes plantations as a 
category, this land use shared the first preference with oak forest, average of 2.1 versus 2.2 
respectively, while ranking five options. A more detailed analysis shows that forty-two 
respondents (35%) have oak forest as their first pick for both the valley and the plateau part 
of the landscape, while 30 (25%) have plantation as their first pick for the valley in 
combination with oak forest for the plateau.  
Although oak forest is clearly the most dominant pick for the plateau, currently it only 
occurs in a limited number of locations, due to grazing and a limited seedbank. This is also 
reflected on by some of the respondents. A 58-year old local inhabitant notes: “There is no 
oak in the plateau. So tall shrubs and giestas [broom] is what we can have and it is beautiful. 
[Also useful for] firewood”. A 42-year old export notes: “I also like the plateau open, but I 
would like to see more trees. Woodlots islands to allow for the spread and to have more 
options for the future”. On the other hand, oak forest is fast developing in the valley area, as 
a result of limited grazing and agriculture. As noted by a 57-year old expert: “In the valley, 
[the] agriculture is marginal. Only hay to feed the cows is viable in the inverneiras [winter 
villages]...so the oak can easily regenerate in there”.  
Regarding the user groups, visitors scored the Acacia encroachment more positive than both 
the local inhabitants and the experts, with a significant effects for both the plateau and the 
valley (plateau: χ2 = 5.5697, d.f. = 2, p = 0.01; valley: χ2 = 12.369, d.f. = 2, p = 0). An 
opposite effect is visible for oak forest in the valley. Here, visitors scored the oak forest 
significantly lower than local inhabitants and experts (χ2 = 12.369, d.f. = 2, p = 0). These 
results are in line with our expectations, as both local and expert respondents are more 
familiar with the effect of Acacia encroachment (an invasive species) on the landscape. 
Acacia encroachment is regarded very negative by local inhabitants, as it was first planted to 
increase pollination for bee keeping, but quickly became a plague in Peneda Gerês National 
Park. 
The preferences for abandonment landscapes where elaborated by an open question after the 
ranking question, for which we classified the emotions and/or reactions (Figure 5-7). 
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Aesthetic reasons are most commonly given, but this is followed by reasons based on natural 
value, utility and being traditional/typical for the area. A specific category for the plateau was 
planning/human influence, referring to the structure and human origin of plantations. 
Overall, oak forest is mainly associated with a positive aesthetic, being a native and symbolic 
species for the area and having useful benefits. Plantations were perceived positive by the 
respondents, especially indicating aesthetic reasons, the organization of the plantations and 
the human origin. Several respondents also refer to the possible financial benefits, stating for 
instance: “This is income. In the valley it can be a good option for the abandoned fields” 
(local inhabitant, 58 years). Table 5-3 gives typical responses to the ranking question. 
Utility as positive feature of landscapes is clearly most dominant for local inhabitants, whom 
significantly mentioned useful features more than other user groups for the valley landscapes 
(Fisher’s test p = 0.01868, for local – visitor). For the plateau section of the landscape, both 
local respondents and experts mention usefulness as an important feature (Fisher’s test p = 
0.0246). Here, experts mainly refer to the use of the low shrubs area for grazing. A focus on 
natural features of the landscape was most dominant in the expert group, followed by 
visitors and locals, with significant group differences for the valley (Fisher’s test p = 
0.00436). Other classified features of the abandonment landscapes did not have significant 
group differences for the user groups. 
 
Figure 5-7 Classified explanations (emotions/reactions) to the preferred abandonment 
landscapes of the valley (a) and the plateau (b). 
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Table 5-3 First ranked abandonment landscape pictures and typical explanations 
(emotions/reactions) to the landscapes, divided by classes delineated from the content. 
  
Oak forest Plantations 
Low  
shrublands Tall shrublands 
Acacia 
encroachment 
Valley n 51 46 12 7 5 
Plateau n 81  20 10 10 
 
Aesthetic -(Natural) beauty 
-Beautiful in spring 
-Type of trees 
-Different colors 
-Beautiful leaves 
-Beautiful 
-Type of trees 
(pine/tall)  
-Healthy 
appearance 
-Scenic beauty 
-Green 
 
-Different colors 
of flowers 
-Beautiful in spring 
-Aesthetic reasons 
-Attractive 
-Green 
-Beautiful flowers 
in spring 
-Green  
-General overview 
-Type of plant 
-Beautiful 
-Green 
 
Nature -Good for 
ecological system 
-Wild 
-Nature getting 
back 
-Natural richness 
-Allows animals 
and undergrowth 
-Feeling of 
wilderness 
-Variety of trees 
-Maintaining 
species 
-Natural 
 
-Natural -Important refuge 
for animals 
-Fresh air 
 
Utility -Good quality 
timber 
-Source of 
firewood 
-Shade 
-Food for bees 
-Fire protection 
-Refreshes air 
-Shade 
-Income/money 
 
-Grazing area 
-Good honey 
-Source of 
firewood 
-Wood 
 
 
Traditional/
Typical 
-Native tree 
-Most 
predominant tree 
-Part of natural 
richness of the 
region 
-Iconic/Symbolic 
of the region 
-Contributes to 
Castro culture 
-Traditional 
-Part of Northern 
Portuguese 
landscape 
-Traditional -Typical for 
plateau 
  
 
Spirituality -Tranquility 
-Life 
-Freedom 
-Sacred 
-Joy 
-Internal peace 
-Magic 
-Fertility 
-Mystic area 
-Freedom 
-Tranquility 
-Joy -Different spiritual 
experience on the 
plateau (fits with 
the giesta) 
-Peace 
 
Order/Plan
ning 
 
-Planning  
-Organized 
-Human 
involvement 
-Order 
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 5.3.5 Management preferences 
To assess possible management directions of Castro Laboreiro, we assessed the preferred 
overall management direction. When specifically asking a statement on landscape 
management aimed at more farmed areas in the valley, local inhabitants clearly have the 
highest agreement, followed by visitor and experts with an average of 4.5 for locals, 4.0 for 
visitors and 2.9 for experts on a 5-point Likert scale. The group differences were significant 
(χ2 = 18.8017, d.f. = 2, p = 0). If the overall preferred management direction is assessed as a 
sematic differential question from ‘more traditional farming’ to ‘more natural areas’, both 
visitors and locals indicating a slight preference for traditional farming (2.5 and 2.9 
respectively on a 5-point scale), while experts have a slight preference for more natural areas 
(3.3 on a 5-point scale), although individual experts are divided on this question. The group 
differences were significant (χ2 = 6.2087, d.f. = 2, p = 0.04, visitor – local p = 0.0414). 
Spearman’s rank correlation between respondent characteristics and the preferred 
management direction shows weak but significant correlations for several characteristics.  
Management focused on natural areas is positively correlated with respondents who have 
either a higher education, an income between 1500-2500 euro and/or come from outside of 
Northern Portugal. The negative correlations indicate that respondents who prefer a 
management focused on traditional agriculture often have either a higher age, a low income 
(<500 euro), are from Castro Laboreiro and /or have a connection with agriculture (see 
Table 5-4).    
Table 5-4 Spearman’s rank correlation the preferred management direction (high values of 
management direction indicate management focused on natural areas, low values indicate 
management focused more on traditional agriculture) and respondent characteristics.  
 
 
Spearman’s 
Rho 
Human influence -0.31***     
Age -0.20∙ 
Basic education -0.29*** 
Higher education 0.31*** 
Income < 500 euro -0.31***  
Income between 1500 and 2500 euro 0.20∙ 
From Castro Laboreiro - 0.34*** 
From Central and Southern Portugal 0.27***     
Connection agriculture - 0.18∙ 
     Significance levels: ‘∙'<0.05 ‘*'<0.01, '**'<0.001, '***'< 0.0001 
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Specific management practices noted as important by respondents, who could state multiple 
strategies, included fire risk management (68%), active management for key plants and 
animals (56%), low intensity grazing (35%) and the development of the wilderness character 
of the area (32%). Several respondents also mentioned the need for better cleared hiking 
trails and roads. Furthermore, the comments on the management showed a distrust for the 
park authority, for instance in handling the fire risk. When discussing the suitable levels of 
responsibility, about half of the respondents indicated that land management requires to be a 
multi-level issue with connected responsibilities for park authorities, the local governance 
and the national level. Here, most respondents saw the national level mainly as having a 
financial role. Regional and European level where indicated less (33% and 18% respectively).  
Overall, the results (sections 5.3.1 to 5.3.4) show that although land abandonment has been 
occurring for decades in Castro Laboreiro the importance of traditional farming is still 
remarkable and its cultural values and landscape identity are acknowledged by both the 
community and its visitors. Although the feelings and emotions of sadness and “saudade” 
are often mentioned in the interviews, these cannot safeguard the local traditional livelihoods 
and cultural values, even when those are considered as assets by a large part of the tourists 
visiting the region. Our study also shows that there are different preferences concerning the 
abandonment landscapes. Rewilding of oak forests is indicated as the most preferred 
outcome for the plateau while both oak forest and forest plantations gain the highest scores 
in the valley region. These results can be used to inform future management directions, 
including the implementation of management to gear the land abandonment transitions away 
from threats such as forest fire risk and seedbank depletion. 
5.4 DISCUSSION AND CONCLUSIONS 
5.4.1 Attitudes towards land abandonment  
Our analysis shows that the main response to land abandonment and unplanned rewilding in 
Castro Laboreiro is negative. A general negative attitude towards land abandonment is 
supported by studies in other countries (Hunziker 1995; Höchtl et al. 2005; Benjamin et al. 
2007; Ruskule et al. 2013), although several studies that focused on attitudes towards 
rewilding found more positive attitudes (Van den Berg and Koole 2006; Bauer et al. 2009). 
The latter are theorized to be influenced by differences in environmental value orientation, 
which is an important underlying factor influencing landscape preference, with 
environmentalists expected to have a strong preference for more wilderness (Kaltenborn and 
Bjerke 2002). While all user groups have a negative response towards abandonment in Castro 
Laboreiro, experts are generally more positive, mainly due to the possible benefit of 
rewilding after abandonment, an option not seen as positive by both locals and most visitors 
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of the area. Other studies also show a consistently more positive outlook on abandonment 
landscapes by experts than local inhabitants, in particular for European mountain areas (e.g. 
Hunziker et al. 2008).  
Assessment of the specific aspects of abandonment revealed that land abandonment is 
mainly linked to negative emotions. Sadness was the most dominant emotions linked to 
abandonment, with the feeling of being left behind, loss of agriculture and loss of traditions 
also indicated as important responses. These wordings indicate the large attachment that 
people have with the traditional ways of living and negativity related to changes affecting 
this. The responses reflect results from other studies, that report that different aspects linked 
to abandonment can result in feelings of desolation, isolation, oppression and loss of contact 
(Benjamin et al. 2007; Bell et al. 2009). For an abandonment study in Latvia, based on a 
predefined list of emotions, local inhabitants most often picked inefficient use, followed by 
desolation, apathy, depression and shame. Here, the qualitative responses from the 
interviews revealed that good management and productive use of land were seen as 
important for landscape quality by the local inhabitants (Ruskule et al. 2013). This is clearly 
reflected in our results, as local inhabitants regard the human influence on the landscape as 
an important aspect, but this also arose from more qualitative discussions on the future of 
the area. For instance, when discussing measures to improve the local conditions, most 
respondents mentioned “cleaning-up” the fields. Previous studies also report that farmers 
have a strong aesthetic preference for managed landscapes (see e.g. Burton 2012).  
While there are limited previous studies focused on the consequences of abandonment for 
visitors, we would have expected visitors to be less negative to abandonment, both in general 
response as in emotions, as other studies have reported positive or mixed responses of 
tourists for a more wild landscape (Höchtl et al. 2005; Van den Berg and Koole 2006). But 
this hypothesis was not confirmed and differences between the locals and visitors of the area 
were relatively small. Possible explanations are the large percentage of the visitors with an 
agricultural background and the fundamental role of agricultural activity in the social 
construction of the rural landscape in Portugal (Figueiredo 2008). A third explanation can be 
found when focusing on the in-depth answers of the tourists. When we assess the results, we 
see that visitors focus more on aesthetic and physiography features of the current landscape, 
but rate the discontinuation of farming still clearly negative. This is also reflected in 
abandonment associations by tourists, which include “feeling of left behind”, “nostalgia” and 
“loss of traditions”. Loss of heritage is furthermore acknowledged as important result of 
abandonment in the trade-off question. The importance of nostalgia and elements of local 
culture can be found in the focus of current rural tourism, that is often characterized by 
focus on “return to the origins” and nostalgia for the “good old days” (see e.g. Kastenholz et 
al. 2012). Previous exploratory studies on the “sense of place”, i.e. an umbrella concept 
Chapter 5 
112 
 
encompassing place relations such as place attachment (Hausmann et al. 2015), of visitors in 
contrast with local inhabitants in mountainous areas have shown that the landscape is 
important for both user groups and that both groups focus on similar place characteristics, 
but attach different meanings and significance to these characteristics (Kaltenborn and 
Williams 2002; Kianicka et al. 2006).  
The importance of cultural heritage is even more apparent for local inhabitants. From our 
results, it is clear that the local inhabitants have the traditional agriculture as clear part of 
their identity and resist the change in the area, especially regarding abandonment and 
increase in wild animals. This resistance to change and different conflicts can be viewed as a 
reaction to the changing role of the rural zone, which stopped being only a space of 
agricultural production (‘productivism’) and transformed into a leisure and experimentation 
space with a multifunctional focus (‘post-productivism’; e.g. Kristensen et al. 2004), in which 
new narratives developed, often influenced by an urban population, defining what is to be 
rural and authentic (López-i-Gelats et al. 2009). This has resulted in many rural regions in 
controversies and oppositions within local populations (del Mármol and Vaccaro 2015). 
Carolino (2010) underline that local sentiments often “go beyond mere nostalgic resistance 
to change” as land use and farming have a clear function for social cohesion, which is e.g. 
embedded in the vision on what it entails to be a villager. This is also reflected in our 
responses to the questions about the visual representation and characteristics of local culture 
in Castro Laboreiro.  
5.4.2 Management of abandonment landscapes and future pathways  
The preferred future management direction of the abandonment areas in Castro Laboreiro 
by local inhabitants and visitors is targeted at traditional farming, while experts are more 
focused on the development of natural areas. For the valley, the results are more 
pronounced, as locals - and visitors to a lesser degree- are clearly in favor of more farmed 
areas in the valley. These differences are also found in other studies (Soliva et al. 2008; 
Hunziker et al. 2008), with Hunziker et al. (2008) reporting  a clear preference for a return to 
the traditional cultural landscape by experts and decision makers for a case study in 
Switzerland.   
An important addition of our study to the existing literature on land abandonment is that we 
not only assess the process of abandonment, but also the different stages and possible 
outcomes. We found that these different outcomes clearly yielded different preferences and 
explanations (emotions/reactions). The use of field photographs of the different post-
abandonment landscapes did not allow disentangling which landscape features determined 
the preferences. Landscape features such as the degree of naturalness, openness and 
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landscape variety can influence the perceived visual beauty of landscapes (see Tveit et al., 
2006 for an overview). Nevertheless, the mixed approach of photograph ranking, landscape 
explanations/associations and user group analysis provided important inputs for local policy 
and future possible management directions of the landscape in Castro Laboreiro, as 
knowledge about perceptions and assessment of landscape changes by different societal 
groups is crucial for landscape-related policies and planning measures (Bauer et al. 2009; Vila 
Subirós et al. 2015) in helping the identification of planning goals that reconcile the views of 
various public groups and minimize conflicts (Hunziker et al. 2008; Smith et al. 2011).  
The elicitation of landscape preferences associated with the different abandonment 
landscapes can have an important function in finding a common ground for landscape 
management of these novel landscapes. A better understanding of the stakeholder 
preferences can also reduce management conflict, as local inhabitants especially are often 
excluded from the formation and management of these plans (Figueiredo 2008). Different 
user groups of the landscape should ideally be included in participatory planning of 
landscape management plans to represent the different preferences on the management of 
abandoned land (Bauer et al. 2009; Vila Subirós et al. 2015), such as support schemes for the 
management of abandoned lands under the Rural Development Programme or the targeting 
of specific measures that are based on the local landscape features and landscape preferences 
(Ruskule et al. 2013). 
5.4.3 Implications for management 
Our study did not only regard land abandonment as a static process, but explicitly assessed 
the different long-term outcomes at different locations. In a more spatially targeted and 
nuanced approach, rewilding could be used a management option for certain areas, while 
other areas can have different management and functions. Expert interviews on possible 
future management strategies for the abandoned landscapes confirm that active management 
is necessary to reach certain ‘abandonment landscapes’. The interviewed experts gave 
recommendations for selective restoration, enhancement of the local seedbank for areas that 
are hindered by seedbank isolation and management focused on fire and alien species risk. 
An example is the clear favor for oak forest as abandonment landscape option, which needs 
active management in many places.   
Areas in transition such as Castro Laboreiro can undergo several pathways, ranging from a 
(social) collapse, to an agricultural focus purely dependent on subsidies, to a focus on new 
ways to reconnect with the global economy, e.g. by finding entrances to a niche market 
(Vaccaro 2010). Our study indicated the perceptions of both the ongoing process of 
abandonment and future developments of these landscapes for different user groups, which 
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includes information on both the public preference as well as the social capital to implement 
specific landscape management options and policies. Interviews with experts and 
stakeholders in Castro Laboreiro gave some insight in the local barriers and frictions for rural 
development in Castro Laboreiro, which include the possible contrast between the direction 
landscape development and the wish to attract more visitors, a lack of entrepreneurial 
collaboration and a focus on agricultural development projects only. Based on the diversity 
in responses and the differential potentials between different parts of the landscape, we 
propose spatially targeted and nuanced management of abandoned areas, which could 
include both an economic and a conservation management focus by combining landscape 
management of abandoned areas with diversification options, for instance by raising the 
possibilities for ecotourism or rural tourism.   
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6. SYNTHESIS  
The objective of this dissertation was to assess the way land management differentiates 
agricultural landscapes and leads to changes in the functions and values assigned to these 
landscapes. As agricultural landscapes are on the interface of the biophysical environment 
and society, landscape analysis requires an integrated approach that takes both dimensions 
into account (Selman 2012). In this thesis we have therefore studied landscapes through a 
social-ecological systems lens, in which we account for both the natural and human factors 
influencing the landscape, and seek to understand their related feedbacks and trade-offs 
(Angelstam et al. 2013; Fischer et al. 2015). 
Specifically, we focused on a characterization of agricultural landscapes not limited to 
biophysical dimensions, by taking the spatial structure and land management into account. 
Furthermore, we assessed the diverse consequences of the abandonment of agricultural 
practices on the functioning of agricultural landscapes.  
The preceding chapters answered the following research questions: 
1. What is the spatial distribution of linear landscape elements for the European Union, 
and how can this pattern be explained? 
2. How can we characterize the diversity of present-day agricultural landscapes on a 
European scale, by accounting for landscape structure and management?  
3. What are the trade-offs of agricultural abandonment in Europe in terms of 
landscape functioning, and how do these differ between European regions?  
4. What is the perception of the trade-offs as a consequence of agricultural land 
abandonment by different user groups in an area undergoing abandonment?  
This final chapter gives an overview of the main findings, followed by a discussion on the 
scientific relevance of these results and the remaining open questions. Also, the societal 
relevance for the findings will be addressed.  
6.1 OVERVIEW OF FINDINGS  
Chapter 2 presents wall-to-wall maps of green lines, ditches and grass margins for the 
European Union, based on spatial modelling of ground observations of linear features from 
the 2009 LUCAS (land use/cover area frame statistical survey) database. Linear elements, 
such as hedgerows and tree lines, have important cultural, agricultural and ecological values 
within current agricultural landscapes. Chapter 2 has a methodological focus, comparing 
different spatial interpolation methods suitable to extend information beyond point 
observations. The resulting wall-to-wall maps of green lines, ditches and grass margins in 
Europe identified the main areas of occurrence of these landscape elements. In addition, the 
results confirmed the importance of both biophysical as well as socio-economic factors, such 
as elevation and accessibility, on the presence and abundance of linear landscape elements 
within Europe. In Chapter 3, we integrated spatial datasets to develop a new typology of 
agricultural landscapes, which accounts for land cover, land management and landscape 
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structure. Included datasets represented land cover, field size, nitrogen input intensity, and 
green linear elements (using the dataset developed in Chapter 2). This chapter had a 
methodological focus as well, comparing two common typology development techniques: an 
expert-based top-down methodology and a bottom-up approach using Self Organizing Maps 
(SOMs). A comparison with available national and European typologies showed that our 
typology clearly deviated from existing biophysical and anthropogenic typologies due to the 
inclusion of landscape management aspects.  
The approaches in Chapter 2 and 3 focused on the assessment of the spatial variability of 
current agricultural landscapes and therefore did not indicate regions facing landscape 
change. While both maps offer a basis for landscape assessment and monitoring of change, 
provided that underlying databases are updated with regular intervals, Chapter 4 introduced 
an analysis with a dynamic component. We used scenario-based land use simulations up to 
2040 for Europe, to identify future areas under threat of land abandonment in the European 
Union. We assessed the impact of the possible future land abandonment, based on eight 
indicators, including carbon sequestration, mammal habitat suitability, nature recreation and 
cultural heritage. In this analysis we used the cultural heritage indicator based on the 
landscape typology developed in Chapter 3. Using a clustering approach, we developed a 
typology of four typical trade-off bundles. We further analyzed these bundles to distinguish 
potential desirable and undesirable outcomes of agricultural abandonment. Thus we were 
able to distinguish areas that face similar management challenges, which can provide a first 
guideline to target appropriate policies and ‘optimal use’.  
A limitation to our European scale trade-off analysis is that it does not include specific policy 
targets, values, norms and interests of the local population. To effectively address future 
management directions for rural areas in Europe, it is important to know the different 
perceptions of inhabitants and other user groups of the rural zone. Chapter 5 therefore 
focused on the perception of land abandonment by different user groups in an area in 
Northern Portugal that has been undergoing large scale abandonment. Here, we combined 
statements, photograph rating exercises, and open questions to assess the overall impact of 
land abandonment as well as the preferences for different ‘abandonment landscapes’. These 
abandonment landscapes represent different possible trajectories following land 
abandonment. We argue that an understanding of local perceptions, opportunities, and 
tradeoffs associated with changing land management are crucial for landscape-related policies 
and planning measures. Furthermore, we argue that these can be used as input to find a 
common ground for landscape management, to reduce conflicts, and as starting point for a 
more spatially targeted and nuanced management approach.  
6.2 SCIENTIFIC RELEVANCE OF RESULTS 
6.2.1 Landscape characterization and assessment  
Chapters 2 and 3 assess the spatial variability of current agricultural landscapes and therefore 
strongly contribute to the area of landscape research that focusses on landscape 
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characterization and assessment (Plieninger et al. 2015). This field mainly became popular 
since the 1990s (Paleo 2010) as a result of the by the Pan-European Biological and 
Landscape Diversity Strategy (PEBLDS; Council of Europe, 1996) and the European 
Landscape Convention that that urged to identify and protect the diversity of European 
landscapes (Council of Europe 2000).  
6.2.1.1 Data requirements for landscape characterization 
Unlike numerous developments on the biophysical characterization of landscapes, 
characterization of the landscape structure and land use intensity dimensions was still 
missing. One of reasons for this was the limited information on landscape structure on a 
European scale. The maps of linear landscape elements developed in Chapter 2 are the first 
attempt to fill this gap, aimed to improve the linkage with regional-scale environmental 
assessments, such as biodiversity and ecosystem services assessments. These maps also allow 
other studies to include the role of the spatial arrangement of landscape elements in their 
analysis. Currently, applications have been used to model the influence of support practices 
on water-induced soil erosion reduction (Panagos et al. 2015) and the demand and supply of 
pollination as an ecosystem service (Schulp et al. 2014). While the development of the 
landscape elements datasets allowed for inclusion of structural aspects of landscapes in 
European-scale assessments, other important structural aspects of landscapes, such as parcel 
shape, which is used in many local and national landscape classifications, are still missing 
(Aldred and Fairclough, 2003; Wrbka et al., 2004). 
The landscape elements maps are amongst the first products using interpolation techniques 
on data from the European-wide LUCAS (Land Use/Cover Area Frame Survey) ground 
survey (Eurostat 2009a; Gallego and Delincé 2010). Overall, recent advancements in 
quantifying and mapping different landscape dimensions have been mainly driven by 
improved ability of  processing and analysis options of large and consistent sets of high-
resolution spatial data, such as satellite images or ground survey data (Plieninger et al. 2015). 
Systematically collected ground survey data on a large scale is costly and different dimensions 
such as land management are still lacking in current data acquisition schemes. Novel 
methods for ground-based data collection, such as crowd-sourcing initiatives to obtain 
geocoded land use data, are receiving increased attention (Kuemmerle et al. 2013). An 
example is provided by Fritz et al. (2015), who used crowd-sourced data to develop a new 
global field size map, using interpolation techniques and field-size classes based on the field-
size map presented in Chapter 3 and in Kuemmerle et al. (2013). Besides crowd-sourced 
data, social media data is increasingly seen as a possible source of land use information, for 
instance regarding the cultural appreciation of landscapes or the collection of primary 
biodiversity data (Barve 2014; Richards and Friess 2015; Di Minin et al. 2015).  
Land management is an important dimension of landscapes, which we represent in Chapter 
3 by using nitrogen input intensity as a proxy (Temme and Verburg 2011). However, land 
use intensity is a complex and multidimensional issue, sometimes casually defined in 
scientific literature, for which different indicators are being used in different disciplines and 
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countries (Kuemmerle et al. 2013; Erb et al. 2013). Land use intensity can refer to e.g. the 
land area farmed, the frequency of cultivation, the amount of capital-related inputs (e.g. 
fertilizer, irrigation, technology, or mechanization), the crop yields from a particular area and 
the share of ecosystem productivity that is appropriated by humans (see Kuemmerle et al., 
2013 and Ruiz-Martinez et al. 2015 for an overview of indicators). Therefore, different 
authors urge that the different dimensions of land use intensity need to be assessed in a 
systemic way, not focusing on one or few aspects of land use intensity but taking the 
multidimensionality into account (Erb et al. 2013; Ruiz-Martinez et al. 2015). Erb et al. 
(2013), for example, proposes that a comprehensive assessment of land use intensity needs 
to incorporate information on inputs (e.g. land, capital, labor), outputs (e.g. food or timber 
harvested), and changes in properties of the production system (e.g. net primary production, 
land tenure).  
Available datasets representing aspects of land use intensity with a high spatial resolution and 
large geographical scale are abundant for cropland metrics, but indicators on capital-related 
inputs (e.g. spatially explicit datasets on mechanization, pesticide application or investment in 
agriculture) and labor inputs (e.g. the number, share, and skill-level of the agricultural 
workforce) are still lacking. Often this data is available only for larger administrative units 
(NUTS2/NUTS3), due to privacy issues. Information on grazing systems, e.g. extent of 
grazing land or inputs connected to grazing systems, is scarce and often has a high 
uncertainty (Kuemmerle et al. 2013). Forestry data also has major data gaps, especially on a 
global scale, but several European-scale data sets on aspects of forest management have been 
published recently (see e.g. Hengeveld et al. 2012; Levers et al., 2014; McGrath et al., 2015; 
Verkerk et al., 2015).  
Other issues that need to be considered are the uncertainty of metrics, which are often high 
(e.g. due to positional inaccuracy, unreliable input data, or processing algorithms limitations), 
and which remain largely unquantified because formal validation is often lacking. 
Disaggregation and interpolation techniques also influence the results, as these methods 
often reply on covariates (e.g. location factors) which may result in endogeneity problems in 
subsequent analyses (Kuemmerle et al. 2013).  
6.2.1.2 Landscape typologies and classifications 
While there have been several developments in landscape assessment and characterization, 
such as the qualitative landscape classification by Meeus (1995) and the quantitative 
assessment LANMAP by Mücher et al. (2010), there is no commonly agreed approach that 
enables the direct comparison of landscapes of different parts of Europe (Warnock and 
Griffiths 2014). A consistent approach is needed to enable the assessment of the impact of 
environmental change and to develop effective land use planning at different scales across 
Europe. However, proving an all-encompassing characterization of landscapes for Europe is 
not straightforward, because agreed upon definitions are lacking and different landscape 
concepts exist (Angelstam et al. 2013; Plieninger et al. 2015). Instead, different traditions 
regarding typology development and landscape assessment have developed in Europe. In 
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these traditions there is a clear divide between semi-automated classifications using an 
environmental focus, and a more holistic approach based on informed understanding of the 
landscape evolution visual interpretation and integration of mapped sources, such as the 
Landscape Character Assessment (LCA) (Warnock and Griffiths 2014). 
In Chapter 3, we compared both traditions for typology development. However, our expert-
based approach was still limited to a ‘gridded’ approach, which is sometimes criticized from a 
more holistic standpoint for failing to capture the continuous character and ‘grain’ of the 
landscape (Warnock and Griffiths 2014). Another divide in traditions of landscape 
assessment exists between the dimensions incorporated in a landscape typology. While we 
tried to incorporate the most important dimensions related to agricultural landscapes in 
Chapter 3, we based these on physical features in the landscape. We did not include cultural 
heritage aspects of the these landscapes beyond their, sometimes historical, landscape 
structures: the cultural and historical dimensions, including the values and meanings the 
landscapes have for people (Angelstam et al. 2013; Plieninger et al. 2015).  
The cultural value of landscapes is a complex and difficult concept to quantify and cannot be 
observed form the physical structure or condition of the landscape (Plieninger et al., 2015). 
Therefore, the modelling relies less on direct proxies and more on landscape intensity and 
structural dimensions (Paracchini and Capitani, 2011). Different methods are available to 
assess the cultural and meaning dimensions of European landscapes, sometimes addressed 
within an cultural ecosystem services framework (e.g. Schaich, Bieling, & Plieninger, 2010; 
Tengberg et al., 2012). However, often the extent the existing datasets are too limited to 
model aspects of cultural value, meaning and heritage on a European scale. A first attempt to 
address these dimensions within a landscape typology is recently undertaken by Tieskens et 
al. (in review), who have extended the work presented in Chapter 3 by incorporating 
dimensions on cultural value and meaning into a typology of traditional landscapes. Value 
and meaning were represented by mapping traditional food products as a proxy for cultural 
heritage, using the Protected Designation of Origin (PDO), as the these products have 
strong link with the territory of origin and are a manifestation of local community 
organization, local values, traditions and habits (Belletti and Marescotti 2011; van Berkel and 
Verburg 2011). Furthermore, the photo density of Panoramio, an application linked to 
Google Earth that allows uses to upload geotagged pictures of the environment, is used as a 
proxy for societal appreciation of the landscapes in Europe.  
6.2.2 Trade-off analysis and land use change  
Landscapes change over time and at different rates. These changes lead to different 
environmental and social impacts that are often not quantified in sub-global studies (Foley et 
al. 2005; Seppelt et al. 2013). To fully understand the impact of land use change, large-scale 
assessments of land use change (e.g. Stürck et al., 2015) also need to consider the different 
positive and negative impacts of these changes, for instance through the assessment of trade-
offs and synergies (Rodriguez et al. 2006; Bennett et al. 2015). We applied such an analysis in 
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Chapter 4, as we were interested in how changes in land management lead to changes in the 
functions and values assigned to these landscapes over different temporal and spatial scales. 
Research on trade-offs and synergies is upcoming in land use science. There is an increased 
focus on rural land uses and increased attention for the spatial organization of land uses to 
analyze multiple objectives, such as food production, biodiversity, and carbon sequestration, 
within a limited land area or in multifunctional landscapes (Wilson 2007). The main focus of 
much trade-off research is on the optimal use of suitable areas for certain functions, as not 
all functions can be fulfilled in every location (Rudel and Meyfroidt 2014), although specific 
synergies are possible (Tscharntke et al. 2005). Trade-off analysis can also help in 
highlighting spatial mismatches between land management practices and their outcomes 
(Rodriguez et al. 2006). 
Combining land functions within a limited area is also assessed in the so-called ‘land 
sparing/land sharing’ debate (Balmford et al. 2005). This debate contrasts two strategies for 
land planning: land sharing, which favors a combination of food production and 
conservation within the same areas, and land sparing, which favors a separation between the 
two to spare land for nature conservation (Grau et al. 2013). Several authors have warned for 
a too-strict focus on this dichotomy, as this dichotomy can lead to two undesirable and 
unrealistic outcomes and an overly simplistic debate (Fischer 2015; Kremen 2015), especially 
in light of the large environmental heterogeneity and influence of geographical scales on 
suitable strategies (Grau et al. 2013). Therefore, a more holistic and interdisciplinary 
approach, including a link to societal an policy processes, is necessary to answer how to 
reconcile a combination of land sparing and land sharing strategies (Fischer 2015).  
Based on the contrasting priorities and functions to reconcile multiple functions within the 
landscape, this issue is sometimes addressed as a “wicked problem”, as there is no clear 
requirement or solution (Rittel and Webber 1973; Sayer et al. 2013). In general, this focus on 
wicked problems can also be seen as a reflection of a more ‘solutions oriented’ focus of 
environmental research, which has developed after many environmental issues were not 
effectively addressed using collective action (DeFries et al. 2012). More solutions-oriented 
research on landscapes are sometimes also addressed as ‘landscape approaches’, that focus 
on the development of tools and underlying concepts to achieve different functions within 
the landscape, often based on a people-centered approach at landscape scales (Sayer et al. 
2013).   
6.2.3 Scale issues in landscape research  
One of the key characteristics of research on environmental change is the contrast of 
different spatial scales (Plieninger et al. 2015) and the scale dependency of processes in both 
landscape ecology (Wu 2004) as well as human interactions, which consequently affect 
management outcomes (Sayer et al. 2013). Increasingly, sophisticated quantitative methods  
are used to capture large scale trends in land use and related fields such as ecology (Fischer et 
al. 2011). These “top-down” methods often include the projection of future changes in land 
use, e.g. using scenarios from dynamic and spatially explicit land use models (Ruiz-Martinez 
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et al. 2015), such as used in Chapter 4. However, these large-scale approaches have multiple 
limitations, especially their lack of insight in local processes regarding land use decision 
making. This decision making generally depends on local stakeholders and their access and 
rights (Bennett et al. 2015).  
‘Place-based approaches’ - often referred to as case studies- on the contrary allow for more 
detailed analysis e.g. to gain understating of processes. Case studies capture different aspects 
of the landscape, as they are rooted in a particular place and context and therefore provide 
information on the local circumstances, meaning and real-world relevance. A consequence of 
place-based studies is that the unique geographical and historical context provides a 
limitation to the generalization of results (Flyvbjerg 2006). One of the current challenges for 
landscape studies is to better link the different scales of research (global, regional and local), 
for instance by comparative and collaborative approaches (Plieninger et al. 2015). Meta-
studies, secondary studies that aim to synthesize case study findings, are increasingly used for 
this (van Vliet et al. 2015b). Such generalized understanding can for instance help in 
developing process-based land use change models (Magliocca et al. 2015).  
Integrated approaches that try to capture socio-ecological systems often focus on the 
regional scale, as these regional units are most suitable to link with the scale of interest of 
stakeholders and policy makers (Fischer et al. 2015). Too often these regions are modelled or 
analyzed as separate units, while interactions occur both in biophysical as well as institutional 
and governance contexts (Sayer et al. 2013). For example, the trade-off analysis as we present 
in Chapter 4 is limited to the European extent, due to the scale-sensitivity of the input 
variables and agricultural abandonment impacts (e.g. Spiegelberger et al. 2006; Rey Benayas 
et al. 2007), but also limited to only include interaction effects that can be simulated within a 
specific integrated modelling framework. Trade-offs outside Europe, and outside the scope 
of the specific topics that are addressed, are disregarded. In general, this so-called 
‘telecoupling’ relates to the, sometimes unexpected, feedbacks between distant places. This 
needs to be an important research focus in land use change studies, as the indirect effect of 
land use change on seemingly disconnected places is now often overlooked (Lambin and 
Meyfroidt 2011; Liu et al. 2013). An example of production displacement is for example that 
food consumption in the EU has led to widespread deforestation elsewhere (European 
Commission 2013b).   
6.2.4 Societal relevance  
Landscape research in Europe has gained attention after the European Landscape 
Convention (ELC) (Council of Europe 2000). The ELC resulted in an increased awareness 
of landscape issues and their values among different groups in society (scientists, policy 
makers and the general public) and the promotion of landscape protection polices, planning 
and management (Jones et al. 2007; De Montis 2014). As the ELC is a supranational 
convention based on general principles and objectives that each member state can 
implement based on their national legal and policy system, this has led to different forms of 
implementation. As no direct action was necessary after official ratification of the 
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convention, the impact on policy and landscape planning has been limited and very context 
dependent (e.g. Butler & Berglund, 2012; De Montis, 2014).  
However, there is an increased focus on conserving cultural landscapes in European policy 
making, with the introduction of the concept of High Nature Value farmland as clear 
example (Paracchini et al. 2008; EEA 2010b; Kleijn et al. 2011; Lomba et al. 2014). Also, the 
Common Agricultural Policy (CAP) increasingly promotes a landscape-based approach 
(Paracchini and Capitani 2011), although this is sometimes criticized for its dominant 
environmental focus (Agnoletti 2014). With the typology developed in Chapter 3, we 
provided a tool for communication between scientists, policy makers and others interested in 
agricultural landscapes, especially since a harmonized approach can help identify and 
characterize policy areas that need attention, e.g. to assess changes in cultural landscapes, 
landscape structure and biodiversity conservation. However, although there is a clear need 
for a harmonized approach regarding landscape classification within landscape research, the 
effective dissemination to the policy level is dependent on a strong science-policy interface. 
This holds true both at higher policy levels as well as the local governance level - as this is 
the direct interaction frontier between the physical landscape and different stakeholders 
(Opdam et al. 2013; Fischer et al. 2015).   
A specific and important European policy challenge is agricultural abandonment and rural 
depopulation (FAO, 2006; Pinto-Correia & Breman, 2008). The starting point of the analysis 
of Chapter 4 is the current trend of displacing cultivation from more marginal areas to more 
fertile soils, leading to increased abandonment in marginal areas, even with the support of 
subsidies (Renwick et al. 2013). We believe that this trend proves that the current policy 
system cannot adequately counteract the projected increase in farmland abandonment in 
Europe in the coming decades. We also argue that different management strategies should be 
considered for areas under threat of abandonment. As preferences for management 
strategies for abandonment areas differ, we propose a more targeted policy focus. We have 
shown in Chapter 4 that there is no “one solution that fits all”: some areas are suitable for a 
rewilding focused approach (Merckx and Pereira 2014), others would lose several important 
characteristics of extensive agricultural areas, including cultural heritage functions, and need 
more active management to counteract the abandonment process.  
While this analysis is the first to show a spatially detailed analysis of the potential future 
tradeoffs for reconciling agriculture, conservation and other competing land uses, a 
limitation is, however, that our analysis does not include specific policy targets or values, 
norms and interests of the local population. Therefore, we believe that the management of 
abandonment areas should acknowledge different stakeholders and user groups, including 
their differently framed and expressed objectives (see Chapter 5; Sayer et al., 2013). It is 
important to keep inhabitants and landscape users involved in the landscape policy process 
in an iterative process with of open communication, to reach more effective landscape 
management and more optimal outcomes (see Sayer et al., 2013). 
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Appendix 2.1 Selected independent variables as potential location factors for linear 
landscape elements, including explanation.  
Variable  Explanation  Spatial resolution  Source 
Socio-economic    
GDP Economic density, 
defined as the income 
generated per 1 km2 
1 km2 Van Eupen et al (2012) 
Population density   1 km2 Derived from LandScan 
(http://www.ornl.gov/sci/gist/landscan) 
Travel time to 
cities/ports 
Average of all time/cost 
for urban centres, major 
airports of Europe and 
Ports (harbours)  
1 km2 Accessibility analysis based on GISCO 
database infrastructure, Van Eupen et al 
(2012) 
Policy areas    
Natura2000 sites Areas for the protection 
of birds and habitat, 
both Special Protection 
Areas (SPAs) and 
Special Areas of 
Conservation (SACs) 
Shapefile to 1 km2 EC  (2011) 
Leader Rural development 
payment scheme, 
LEADER I, II and 
+sites for all years 
Shapefile to 1 km2 EC (2006) and Eurostat (1999) 
Less Favoured Areas Farmer payment scheme 
for areas  with difficult 
agricultural production 
and abandonment risk 
Converted to 1 km2 EEA (2011) 
 
Biophysical  
   
Drainage Dominant annual 
average soil water regime 
class of the soil profile, 
classified based on van 
Diepen (1997) 
Polygons converted 
to 1 km2 
European Soil Database of the Joint 
Research Centre (JRC) of the EU, Van 
Liederkerke et al. (2006) 
Soil depth  Polygons converted 
to 1 km2 
European Soil Database of the Joint 
Research Centre (JRC) of the EU, Van 
Liederkerke et al. (2006) 
Crop types  1 km2 CAPRI-Dynaspat (2008) 
Arable agricultural 
production potentials 
Potential for production 
of the crops wheat, 
spring barley, grain 
maize, rape seed, 
sunflowers, potatoes, 
sugar beets and field 
beans 
1 km2; data obtained for 
2007 
Van der Goot et al. (2004) 
DEM Digital elevation model 
for Europe 
1 km2 (using 90 m DEM) Derived from 1,000 m DEM from SRTM3 
data, NASA(2003) 
Slope  1 km2 (using 90 m DEM) Derived from 1,000 m DEM from SRTM3 
data, NASA(2003) 
Average height 
differences 
0-20 m: flat, 20-80 m: 
rolling, 80 - 200 m: hilly, 
200 - 400 m: 
mountainous, > 400 m: 
very mount.  
1 km2 (using 90 m DEM) Derived from 1,000 m DEM from SRTM3 
data, NASA(2003) 
Yearly rainfall Long term accumulated 
yearly rainfall  
1 km2 Based on Worldclim (www.worldclim.org), 
Hijmans et al. (2005) 
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Appendix 2.1 continued 
Variable  Explanation  Spatial resolution  Source 
Mosaic and Agriculture 
land use 
As percentage in a 5 km 
diameter 
1 km2 Based on Land use/cover derived from the 
Corine project, EEA (2005) 
Agroforestry Presence of agroforestry  1 km2 Based on Land use/cover derived from the 
Corine project, EEA (2005) 
Herbivores Dairy cattle, beef cattle, 
sheep 
1km2 Neumann et al. (2009) 
Monogastrics Pigs, poultry 1km2 Neumann et al. (2009) 
Soil erosion Soil erosion estimates in 
(t/ha/yr) 
1 km2 PESERA Project, Kirkby et al. (2004) 
Wind speed Based on potential 
winds speed (m/s) at 10 
m height between 1990 
and 2009. 
Downscaling of 0.75° to 
1 km2 
Based on the ERA Interim reanalysis, 
ECMWF (2012) 
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Appendix 2.2  Zero-inflated negative binomial regression models for the distribution of 
green lines for four  European regions. 
 
Scandinavia  
    
Western Europe 
    
 
Count model  
 
Zero-infl model 
 
Count model  
 
Zero-infl model 
 
 
Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 
Intercept -1.1E-01 0.05 *  1.09E+05 0.07 ***  6.73E-02 0.01 ***  7.02E-02 0.03 * 
Accessibility  3.2E-02 0.03   1.58E-01 0.04 ***  1.20E-01 0.01 *** -8.25E-02 0.02 *** 
% Agriculture  -2.7E-02 0.03  -1.97E-01 0.04 ***  2.54E-02 0.01 ** -2.86E-01 0.02 *** 
Agroforestry              
Cash crops       -1.05E-01 0.01   1.51E-01 0.02 *** 
Drainage (high)1 -4.4E-02 0.03  -2.49E-01 0.03 ***       
Elevation   8.0E-02 0.04 *  4.03E-01 0.05 ***       
Grassland  7.1E-02 0.02 *** -1.62E-02 0.02   3.07E-02 0.01 ** -2.56E-01 0.02 *** 
Herbivores       1.33E-02 0.01 . -1.02E-01 0.02 *** 
Hilly geomorphology2            
Leader sites  2.6E-02 0.03  -1.04E-01 0.03 **       
LFA zones (partial)            
LFA zones (total)       6.50E-02 0.01 ***  2.18E-02 0.02  
Monogastrics      -7.78E-03 0.01   5.60E-02 0.02 *** 
% Mosaic -1.7E-02 0.03  -1.95E-01 0.04 ***  3.96E-02 0.01 *** -4.33E-01 0.02 *** 
Natura 2000 sites             
Permanent crops             
Rolling geomorphology3       3.84E-02 0.01 *** -8.69E-02 0.02 *** 
Soil depth  1.5E-02 0.03   3.71E-01 0.04 ***       
Windspeed       1.16E-01 0.01 *** -2.32E-01 0.02 *** 
Log likelihood -1.433E+04 on 19 Df  -5.643E+04 on 23 Df   
Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001  1 Not wet within 80 cm over 3 months 2 Average height 
difference of 80-200 m 3 Average height difference of 20-80 m 
 
 
 
 
 
 
 153 
 
Appendix 2.2  continued 
 
Eastern Europe 
    
Southern Europe 
    
 
Count model  
 
Zero-infl model 
 
Count model  
 
Zero-infl model 
 
 
Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 
Intercept -3.54E-01 0.05 *** 9.67E-01 0.06 *** 6.66E-02 0.03 * 4.49E-04 0.05 
 Accessibility 2.84E-02 0.01 ** -1.34E-02 0.02 
       % Agriculture  
      
-1.47E-01 0.02 *** -1.81E-02 0.03 
 Agroforestry  
      
-2.43E-02 0.02 
 
1.49E-01 0.02 *** 
Cash crops -1.05E-01 0.02 *** -7.34E-02 0.03 * 
      Drainage (high)1 
      
1.11E-03 0.01 
 
-9.75E-02 0.02 *** 
Elevation  2.73E-02 0.03 
 
2.00E-01 0.04 *** 
      Grassland  
           Herbivores  
           Hilly 
geomorphology2  
     
5.29E-02 0.01 *** -1.41E-01 0.02 *** 
Leader sites  
           LFA zones 
(partial)  
     
-8.95E-02 0.02 *** -6.66E-02 0.03 * 
LFA zones (total) -4.07E-02 0.03 
 
6.49E-03 0.03 
       Monogastrics  
     
3.18E-02 0.01 ** -9.89E-02 0.02 *** 
% Mosaic 4.04E-02 0.02 . -2.19E-01 0.03 *** 1.16E-01 0.01 *** -2.96E-01 0.03 *** 
Natura 2000 sites 1.70E-02 0.03 
 
8.31E-02 0.03 ** 
      Permanent crops 
      
7.10E-02 0.01 *** -4.71E-03 0.02 
 Rolling 
geomorphology3  
           Soil depth -1.15E-02 0.02 
 
5.74E-02 0.03 * -8.34E-02 0.02 *** 2.01E-01 0.03 *** 
Windspeed  
           Log likelihood 1.745E+04 on 17 Df 
 
-3.639E+04 on 21 Df 
  Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001  1 Not wet within 80 cm over 3 months 2 Average height 
difference of 80-200 m 3 Average height difference of 20-80 m 
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Appendix 2.3 Zero-inflated negative binomial regression models for the distribution of 
ditches for four  European regions. 
 
Scandinavia  
    
Western Europe 
    
 
Count model  
 
Zero-infl model 
 
Count model  
 
Zero-infl model 
 
 
Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 
Intercept 1.96E-01 0.02 *** -7.99E-01 0.08 *** -3.89E-01 0.03 *** 3.12E-01 0.04 *** 
Leader sites 6.23E-02 0.01 *** -3.20E-02 0.03 
 
 2.96E-02 0.01 * -5.59E-02 0.02 ** 
Elevation -4.09E-02 0.02 *  3.90E-01 0.03 *** 
      Soil depth 2.81E-01 0.01 *** -4.98E-01 0.03 *** 
      % Agriculture -1.53E-01 0.01 *** -1.20E+05 0.13 ***  6.39E-02 0.02 *** -2.02E-01 0.03 *** 
% Mosaic 5.34E-02 0.01 ***  1.84E-01 0.05 ***  6.44E-02 0.01 *** -1.66E-01 0.02 *** 
Rain -1.58E-01 0.01 *** -1.49E-01 0.03 *** 
      Population density -3.89E-02 0.02 *  1.61E-01 0.04 *** -1.09E-01 0.03 *** 1.07E-01 0.04 * 
LFA sites (total) 1.39E-01 0.01 ***  6.42E-02 0.05 
 
 1.90E-02 0.01 
 
-1.14E-01 0.02 *** 
Hilly  
geomorphology1 
 
           Flat  
geomorphology2 
 
     
 1.79E-01 0.01 *** -2.21E-01 0.02 *** 
Permanent crops 
     
 3.95E-02 0.01 *** -6.66E-02 0.02 *** 
Grass 
      
 4.20E-02 0.01 ** -5.60E-03 0.02 
 Cash crops 
     
-6.50E-02 0.02 *** -1.02E-02 0.03 
 Drainage (low)3 
            Drainage  
(moderate)4
 
           Access 
            Agroforestry  
           Log likelihood  -3.035E+04 on 19 Df 
   
-4.083E+04 on 21 Df 
    Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001  1 Average height difference of 80-200 m 2 Average height 
difference of 0-20 m 3 Wet within 80 cm for 3 to 6 months 4 Wet within 80 cm for over 6 months 
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Appendix 2.3 continued 
 
Eastern Europe 
    
Southern Europe 
    
 
Count model  
 
Zero-infl model 
 
Count model  
 
Zero-infl model 
 
 
Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 
Intercept -7.65E-01 0.05 *** -7.98E-04 0.11 *** -9.76E-01 0.07 *** -2.29E-01 0.19 *** 
Leader sites 
            Elevation 
   
  
  
-4.07E-01 0.03 *** -1.36E-01 0.07 
 Soil depth -1.38E-02 0.02 *** 1..09E-01 0.05 * 1.68E-01 0.02 *** -2.25E-02 0.04 
 % Agriculture 
      
-1.74E-01 0.03 *** -9.34E-01 0.09 *** 
% Mosaic 
      
  
     Rain 8.74E-02 0.02 *** -2.99E-02 0.04 
       Population density -1.15E-01 0.04 *  -8.53E-01 0.10 
 
3.46E-01 0.02 *** 2.01E-02 0.05 
 LFA sites (total) 
   
  
  
  
     Hilly                            -1.33E-02 
geomorphology1 
 
0.03
 
 3.61E-02 0.04
       Flat  
geomorphology2 
 
     
1.65E-01 0.01 *** -4.57E-01 0.06 
*** 
Permanent crops 
     
-1.23E-01 0.02 *** -8.62E-02 0.08 
 Grass 
      
2.12E-01 0.03 *** 2.61E-01 0.05 *** 
Cash crops                    2.00E-02 0.02 
 
 7.97E-01 *** 
       Drainage (low)3 -1.58E-03 0.02 
 
-1.27E-01 ** 
       Drainage                     -1.07E-02 
(moderate)4
 0.02 
 
-1.22E-01 ** 
       Access 
      
 -9.46E-02 0.03 *** 9.27E-02 0.05 *** 
Agroforestry  
     
  0.03152 0.04 
 
2.28E-01 0.05 *** 
Log likelihood  -1.954E+04 on 17 Df 
   
  2.073E+04 on 21 Df 
    Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001  1 Average height difference of 80-200 m 2 Average height 
difference of 0-20 m 3 Wet within 80 cm for 3 to 6 months 4 Wet within 80 cm for over 6 months 
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Appendix 2.4 Zero-inflated negative binomial regression models for the distribution of 
grass margins for four European regions. 
 
Scandinavia 
    
Western Europe 
    
 
Count model  
 
Zero-infl model 
 
Count model  
 
Zero-infl model 
 
 
Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 
Intercept 2.00E-01 0.03 *** 1.51E+06 0.03 ***  4.94E-01 0.01 ***  4.76E-02 0.01 ** 
Accessibly -7.74E-02 0.03 ** 2.45E-01 0.03 ***  4.43E-04 0.01   7.49E-02 0.01 *** 
% Agriculture 5.45E-02 0.02 *** -3.84E-01 0.03 ***  3.67E-02 0.01 *** -2.48E-01 0.02 *** 
Agroforestry             
Cash crops1       -9.88E-03 0.01  -1.27E-01 0.01 *** 
Drainage (very low)2         -7.77E-02 0.02 *** -3.31E-02 0.02        
Drainage (low)3             
Drainage (moderate)4             
Drainage (high)5       -5.00E-02 0.01 ***  6.74E-02 0.01 *** 
Elevation -6.26E-02 0.04 . 4.07E-01 0.04 *** -5.84E-02 0.01 *** -1.58E-02 0.01  
Grassland       -5.27E-03 0.01   9.14E-02 0.01 *** 
Herbivores        8.84E-04 0.01   5.48E-02 0.01 *** 
Leader zones 5.95E-02 0.02 *** -1.26E-02 0.02        
LFA sites (part)             
LFA sites (tot)             
% Mosaic  3.08E-03 0.02  -1.46E-01 0.02 ***  2.46E-02 0.01 *** -1.57E-01 0.01 *** 
Monogastrics              
Natura2000             
Orchards      3.57E-02 0.00 *** -5.62E-02 0.01 *** 
Pesara       1.40E-02 0.01 * -7.10E-02 0.02 *** 
Soil depth     1.98E-01        0.02        ***     1.57E-03          0.03     
Log likelihood 1.56E+04 on 17 Df -6.67E+04 on 23 Df 
Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001  1 Barley, Wheat, Maize, Potato and Sugarbeet, 2Wet within 
40 cm depth for over 11 months 
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Appendix 2.4 continued 
 
Eastern Europe 
    
Southern Europe 
    
 
Count model  
 
Zero-infl model 
 
Count model  
 
Zero-infl model 
 
 
Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error Coeff. Std. Error 
Intercept 2.20E-02 0.03  2.34E-01 0.04 *** 4.38E-01 0.01 *** 5.68E-03 0.02  
Accessibly             
% Agriculture 1.49E-01 0.02 *** -2.93E-01 0.03 *** 8.17E-03 0.01  -6.41E-01 0.02 *** 
Agroforestry       -3.16E-02 0.01 * 1.18E-01 0.02 *** 
Cash crops1 5.86E-02 0.02 ** -6.28E-02 0.03 *       
Drainage (very low)2               3.41E-02 0.01 * -1.81E-01 0.02 *** 
Drainage (low)3       -6.98E-03 0.01  -6.84E-02 0.02 *** 
Drainage (moderate)4       8.80E-03 0.01  -1.12E-01 0.02 *** 
Drainage (high)5             
Elevation             
Grassland             
Herbivores             
Leader zones       -3.18E-02 0.01 *** 1.05E-01 0.02 *** 
LFA sites (part) 3.05E-02 0.01 * -2.52E-02 0.02        
LFA sites (tot)       -6.59E-02 0.01 *** 8.39E-03 0.02  
% Mosaic  7.97E-02 0.02 *** -1.10E-01 0.03 ***       
Monogastrics        3.10E-02 0.01 *** -4.24E-02 0.02 ** 
Natura2000 -3.83E-02 0.02 . -6.59E-03 0.03  -6.05E-03 0.01  3.26E-02 0.02  
Orchards          
Pesara           
Soil depth 5.25E-02           0.02       ** -3.19E-02        0.03    
Log likelihood -3.025E+04 on 17 Df -4.445E+04 on 23 Df 
Significance levels: ‘*'<0.01, '**'<0.001, '***'< 0.0001  1 Barley, Wheat, Maize, Potato and Sugarbeet, 2Wet within 
40 cm depth for over 11 months 
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Appendix 3.2 Pearson correlation coefficients (r) between an independent validation dataset 
and interpolated LUCAS point data on field size using ordinary kriging (OK).  
The average value of 5 random points within a sampling square is compared with the average 
value within a 10 x 10 km sampling square based on the OK map.  
 n OK 
Europe 150 0.41** 
Scandinavia 34 0.25 
Western Europe 39 0.21 
Eastern Europe 42 0.40** 
Southern Europe 35 0.43* 
*Significance levels: <0.01. 
**Significance levels: <0.001. 
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Appendix 3.3 Expert-based typology landscape classification decision tree 
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Appendix 3.4 All possible class combinations and related areas for the expert-based typology. 
Land cover Input intensity Scale  Landscape structure Area (km2) 
Arable Extensive Small Open 17565 
  
Medium  Open 172620 
  
Large Open 17587 
 
Extensive Small Enclosed 941 
  
Medium  Enclosed 4348 
  
Large Enclosed 173 
 
Intensive Small Open 26836 
  
Medium  Open 289765 
  
Large Open 24662 
 
Intensive Small Enclosed 1567 
  
Medium  Enclosed 13608 
  
Large Enclosed 820 
 
Very intensive Small Open 15909 
  
Medium  Open 171804 
  
Large Open 13669 
 
Very intensive Small Enclosed 1431 
  
Medium  Enclosed 7881 
  
Large Enclosed 99 
Grassland  Extensive Small Open 5955 
  
Medium  Open 42197 
  
Large Open 2488 
 
Extensive Small Enclosed 1006 
  
Medium  Enclosed 11637 
  
Large Enclosed 464 
 
Intensive Small Open 9596 
  
Medium  Open 73944 
  
Large Open 2291 
 
Intensive Small Enclosed 5155 
  
Medium  Enclosed 71045 
  
Large Enclosed 546 
Mosaic  Extensive Small Open 10180 
  
Medium  Open 47314 
  
Large Open 2718 
 
Extensive Small Enclosed 4648 
  
Medium  Enclosed 9863 
  
Large Enclosed 287 
 
Intensive Small Open 13087 
  
Medium  Open 55641 
  
Large Open 2247 
 
Intensive Small Enclosed 7298 
  
Medium  Enclosed 18867 
  
Large Enclosed 242 
 
Very intensive Small Open 3578 
  
Medium  Open 16600 
  
Large Open 398 
 
Very intensive Small Enclosed 1863 
  
Medium  Enclosed 4337 
  
Large Enclosed 10 
Permanent crops 
 
Small Open 2780 
  
Medium  Open 11734 
  
Large Open 1221 
  
Small Enclosed 520 
  
Medium  Enclosed 993 
  
Large Enclosed 44 
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Appendix 3.5 Detailed legend for the agricultural landscapes as delineated by the  
SOM-based typology. 
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Appendix 3.6 Mean values of non-standardized input datasets for the different landscape 
clusters as delineated by the SOM-based typology. 
Clusters Arable land Grassland Mosaic Permanent 
Crops 
Field size Green Lines Nitrogen input 
1 0.0 0.0 1.0 0.0 2.1 0.0 1.5 
2 0.0 1.0 0.0 0.0 1.9 0.0 1.7 
3 0.0 1.0 0.0 0.0 1.9 1.0 1.9 
4 0.0 0.0 1.0 0.0 1.0 0.0 1.6 
5 0.0 0.0 1.0 0.0 1.7 1.0 1.7 
6 1.0 0.0 0.0 0.0 1.9 1.0 2.1 
7 1.0 0.0 0.0 0.0 1.0 0.0 1.9 
8 1.0 0.0 0.0 0.0 2.0 0.0 2.0 
9 1.0 0.0 0.0 0.0 2.0 0.0 3.0 
10 0.0 0.0 0.0 1.0 1.8 0.1 0.4 
11 1.0 0.0 0.0 0.0 2.0 0.0 1.0 
12 1.0 0.0 0.0 0.0 3.0 0.0 1.9 
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Appendix 4.1 Outdoor recreation, adjusted from Van Berkel and Verburg (2011). 
 Proxies Variable description Weights 
Positive 
biophysical 
conditions - 
Aesthetically 
pleasing and 
recreation areas 
Lakes and rivers-location within 
5km of lakes and 2km within rivers 
Lakes and river are a strong rural asset 
for tourism 
1.0 
Positive 
biophysical 
conditions- 
Landscape 
variation 
Flat landscape - 0-20m elevation 
difference within a 10 km radius 
Regions have little variation and are less 
attractive for tourist 
0.3 
Rolling landscape - 20-80m 
elevation difference within a 10 km 
radius 
Regions have moderate variation and 
are moderately attractive for tourist 0.5 
Hilly landscape - 80-200m elevation 
difference within a 10 km radius 
Regions have high variation and are 
highly attractive for tourist 
0.7 
Mountainous landscape – 200-400m 
elevation difference within a 10 km 
radius 
Regions have very high variation and are 
exceptionally attractive for tourist 1.0 
Very mountainous landscape –  
> 400m elevation difference within 
a 10 km radius 
Regions are inaccessible  
Null 
Degree of human 
interventions 
Open landscape/ agricultural 
landscape – Greater than 80 % of a 
22.5 km2 neighbourhood is 
agriculture land use 
Regions have a moderate level of 
human intervention resulting in 
moderate levels of tranquillity 
0.3 
Mosaic landscape – greater than 
80% non agriculture land use 
disregarding urban (67% of a 9 km2 
neighbourhood) and continuous 
forested areas (67% of a 9 km2 
neighbourhood)   
Regions have a low level of human 
intervention resulting in moderate levels 
of tranquillity 0.7 
Forest landscape greater than 67% 
forest in a 9km neighbourhood 
Regions have a very low level of human 
intervention resulting in very low levels 
of tranquillity 
1.0 
Peri-urban areas with > 25% 
urban/residential land use in a 
25km2 neighbourhood 
Regions have a high level of human 
intervention resulting in limited 
tranquillity 
0.0 
Policy instruments Protected landscapes Location of Natura2000 protection sites 
and national park throughout Europe 
are strong assets for rural tourism 
1.0 
Tourist attractions Locations within 5km IUCN natural 
monuments (cat III) (natural 
monuments) 
Natural designated regions of special 
historical of natural significance are a 
tourism draw 
1.0 
 
Van Berkel, D.B. and Verburg, P.H. (2011). Sensitising rural policy: Assessing spatial variation 
in rural development options for Europe. Land Use Policy, 28(3): 447–459. 
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Appendix 4.2 Habitat suitability for large mammals (“megafauna”) 
Shown are 7 species with their reported habitat types, MVP sizes and density data. Habitat 
types are based on IUCN Habitats Classification Scheme (version 3.1; 2013). Essential (e) and 
Suitable (s) habitats are reported and taken into account.  
  
Common 
name 
European 
bison1 
Eurasian 
beaver Red deer  
Eurasian 
lynx 
European 
badger5 
Wild 
boar  
Brow
n bear 
  
Scientific 
name 
Bison 
bonasus Castor fiber 
Cervus 
elaphus 
Lynx 
lynx Meles mels 
Sus 
scrofa 
Ursus 
arctos 
Land cover class Climate zone        
Built-up area       s   
Arable land (non-
irrigated)       e  
Pasture   s    s e  
(semi-) Natural 
vegetation       e  
 
Borea
l     s   e 
 Subarctic       e 
 Subtropical/ Dry    s s e s 
 Temperate  s
 
 s s s   
 Tundra        e 
Inland wetlands    s    e  
Recently abandoned 
arable land       s
6 
 
Permanent crops        s  
Forest Boreal  s s s s
4 s  e
7 
 Mediterranean   s
3 
    
 Subarctic        e
7 
 Subtropical/Dry    s
4 
 e  
 Temperate  s s s s
4 s s e7 
Sparsely vegetated 
areas     s s    
Recently abandoned 
pasture land Mediterranean   s
3 
    
 Subtropical/Tropical     s
6 s6  
 Temperate  s
2 
   s
6 s6  
1Maximum Northern latitude used, based on e.g. Kuemmerle et al. (2011) 2Values based on forest, shrub land and 
grassland, as all European bison populations have habitats that include mown meadows, deforested areas covered 
in grass, clear cuts and young plantations (e.g. Krasinska and Krasinski 1995) 3Adjusted based on current 
distribution (Mitchell-Jones et al. 1999) 4Production forest is excluded, listed as threat (IUCN, 2014) 5Maximum 
Northern latitude used, based on IUCN (2014b) 6Values based on both grassland and pasture suitability (for wild 
boar, also arable suitability) 7Production forest is excluded, based on current distribution (Mitchell-Jones et al. 
1999).    
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Common 
name 
European 
bison 
Eurasian 
beaver Red deer 
Eurasian 
lynx 
European 
badger 
Wild 
boar 
Brown 
bear 
Scientific 
name 
Bison 
bonasus 
Castor fiber Cervus 
elaphus 
Lynx lynx Meles meles Sus scrofa Ursus 
arctos 
MVP 1000 1880 214 15 2901 1849 136 
Density 
(n/km2) 0.9 0.9 2.9 0.02 2.52 4 0.02 
Minimal 
area (km2) 1136 2089 74 750 1151 522 6800 
Reference 
MVP1 
Brook et 
al. (2002) 
Nolet and 
Rosell 
(1998) 
Lacava and 
Hughes 
(1984) 
Kramer-
Schadt et al. 
(2005) 
Reed et al. 
(2003) 
Reed et 
al. 
(2003) 
Wiegand 
et al. 
(1998) – 
Scenario 
S3-P2 
Reference 
density 
Jones et 
al. (2009) 
Average 
value, 
based on: 
Netherlan
ds (Nolet 
& Baveco 
1996) and 
Lithuania 
(Ulevičius 
et al. 2009) 
Jones et al. 
(2009) 
Jones et al. 
(2009) 
Jones et al. 
(2009) 
Jones et 
al. 
(2009) 
Jones et 
al. 
(2009) 
1As reported in Traill et al. (2007) 
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Appendix 4.3  Cultural heritage scores. Description and agricultural landscape types based 
on van der Zanden et al. (accepted) 
Agricultural landscape type Variable description Weights 
Small-scale extensive arable 
land 
Extensive arable land use with field size <1 ha. -2 
Large-scale extensive arable 
land 
Extensive arable land use with field size > 1ha. 0 
Small-scale intensive arable 
land 
Intensive land use with field size <1 ha.  -1 
Medium-scale intensive arable 
land 
Intensive arable land use with field size 
between 1-10 ha. 
0 
Large-scale intensive arable 
land 
Intensive arable land use with field size <10 ha. 0 
Small-scale very intensive 
arable land 
Very intensive arable land use with field size < 
1 ha. 
-1 
Large-scale very intensive 
arable land 
Very intensive arable land use with field size > 
1 ha. 
0 
Enclosed extensive grassland Grassland with extensive use and a high 
occurrence of linear elements. 
-2 
Open extensive grassland Grassland with extensive use. 0 
Small-scale intensive grassland Grassland with intensive use with field size < 
1ha. 
-1 
Enclosed large-scale intensive 
grassland 
Grassland with intensive use, field size > 1 ha 
and a high occurrence of linear elements. 
-2 
Open large-scale intensive 
grassland 
Grassland with intensive use with field size > 1 
ha. 
0 
Open extensive mosaic land Mosaic land use including extensive arable and 
grassland. 
-1 
Enclosed extensive mosaic 
land 
Mosaic land use including extensive arable and 
grassland use and high occurrence of linear 
elements. 
-2 
Open intensive mosaic land Mosaic land use including intensive arable 
grassland use. 
-1 
Enclosed intensive mosaic 
land 
Mosaic land including intensive arable and 
grassland with high occurrence of linear 
elements. 
-2 
Very intensive mosaic land Mosaic land use including very intensive arable 
use. 
-1 
Small-scale permanent crops Permanent crops with field size < 1 ha. -1 
Large-scale permanent crops Permanent crops with field size > 1 ha. 0 
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Appendix 4.4 Differences (2000-2040) in characteristics of stable agricultural areas and 
abandoned agricultural areas.   
 
Table A4.4-1 Differences (2000-2040) in characteristics of stable agricultural areas and 
abandoned agricultural areas.   
  Differences 2000-2040 
  A1  B2  B2 
Nature 
 
  Agricultural 
areas 
Abandoned 
agr.  areas 
Not 
abandoned 
Abandoned Not 
abandoned 
Abandoned 
Carbon 
sequestration C/km
-2/yr-1 3.66*10-1 1.79*10-1 -2.54 6.09 -5.68*10-1 2.46*101 
Forest fire 
vulnerability 
Ordinal 
indicator  -3.96*10
-3 -6.25*10-1 2.18*10-3 3.35*10-1 1.93*10-3 1.28*10-1 
Outdoor 
recreation Index (0-1) -7.24*10
-3 8.02*10-2 7.77*10-3 9.63*10-2 -4.04*10-3 5.41*10-2 
Megafauna Species nr.  (0-7) -1.10*10
-2 3.78*10-1 -4.79*10-3 2.99*10-1 -5.63*10-3 2.75*10-1 
Alien species 
risk Scores (0-3) 3.81*10
-1 2.73*10-1 3.76*101 2.15*10-1 3.77*10-1 2.85*10-1 
Farmland 
species 
richness 
Species nr.  
(0-58) n.a. -2.69*10
1 n.a. -2.58*101 n.a. -2.62*101 
Crop area Percentage (%) n.a. -2.17*10
1 n.a. -2.45*101 n.a. -2.64*101 
Cultural 
heritage 
 
Scores (0-2) n.a. -1.81*10-1 n.a. -1.37*10-1 n.a. -2.0 9*10-1 
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Appendix 4.5 Determination of appropriate number of clusters 
 
We determined the most appropriate number of clusters by looking for a natural breakpoint 
in plot of the within groups sum of squares and the Davies-Bouldin clustering validity index 
versus the total number of clusters (based on 25 iterations). The Davies-Bouldin index 
represents the ratio of the sum of within-cluster scatter to between-cluster separation and, 
therefore, the objective is to minimize the index during a clustering procedure (Davies and 
Bouldin, 1979). 
 
Figure A4.5-1 Within group sum of squares versus the number of clusters for the B2 scenario 
(based on 25 iterations) 
 
Figure A4.5-2 Davies-Bouldin clustering validity index versus the number of clusters for the 
B2 scenario (based on 25 iterations).  
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Appendix 4.6 Original land use type per abandonment area per cluster (1km2) 
  
2000 
 
2040 
   
        Cluster Arable Pasture 
Perm. 
crops 
(semi-) 
Natural 
vegetation Forest 
(semi-) 
Natural 
vegetation 
Recently abandoned 
arable land Forest 
Recently 
abandoned 
pasture land 
A1 1 81940 147170 5510 
  
98390 3580 127940 4710 
 
2 57170 65530 2070 
  
7320 440 116690 320 
 
3 447150 687250 29650 
  
882140 100270 13530 168110 
 
4 387130 101700 17700 
  
379570 97450 4330 25180 
B2 1 30670 49250 1980 
  
30530 500 48660 2210 
 
2 29420 21750 1120 
  
2600 0 49620 70 
 
3 171790 174330 10810 
  
286510 16150 12760 41510 
 
4 159270 23570 10150 
  
163190 18820 6650 4330 
B2 
Nature 1 35710 119040 6110 0 0 57780 510 101140 1430 
 
2 31570 81190 4160 0 0 6100 20 110720 80 
 
3 295690 449130 40350 80 40 691720 18580 14820 60170 
 
4 352130 89590 26370 10 70 418430 26840 10090 12810 
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Appendix 5.1: Content of the questionnaire, with specification per question type.   
P = visual description, L = statement with Likert-scale, O = open question, CS = Constant Sum question, 
R = ranking question, SM = Semantic differential statement, MO = Multiple option question, SO = 
Single option question = D = dichotomous question. 
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Appendix 5.2: Different abandonment landscapes, as delineated in Castro Laboreiro.  
This set of photographs represents the landscapes in the plateau section of the landscape at 
different stages of regrowth after agricultural abandonment 
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SUMMARY 
Europe has a large diversity of agricultural landscapes ranging from traditional landscapes 
defined by extensive production methods, such as low-intensity grazing in upland and 
mountainous areas, to very intensive “industrial production” landscapes. While changes in 
land management have received less attention than land cover conversion, land management 
is one of the major influences on European agricultural landscapes and a dominant influence 
on future land use change. Land management has considerable impact on the appearance 
and functioning of agricultural landscapes, such as on biodiversity values, as well as a range 
of ecosystem functions and services.  
The main research question of this dissertation is how land management differentiates 
agricultural landscapes and leads to changes in the functions and values assigned to these 
landscapes. As agricultural landscapes are at the interface of the biophysical environment and 
society, this thesis adopts an approach that accounts for both the natural and human factors 
that influence the landscape, and seeks to understand their relationship, feedbacks, and trade-
offs. 
A better understanding and assessment of the impact of land management and land use 
changes is necessary to anticipate future land use changes and their impact on society, such 
as the expected abandonment of marginal land in large areas of Europe. This is especially 
important as the demands for land-based goods and services are expected to continue 
increasing in the future. One of the necessary steps towards an improved assessment of the 
role of agricultural landscapes within global change processes is an improved representation 
of three critical elements of agricultural landscapes: landscape composition, structure and 
management. 
The assessment and mapping of the spatial variability of landscape composition, structure 
and management of current agricultural landscapes is the focus of Chapter 2 and Chapter 3. 
Chapter 2 presents wall-to-wall maps of green lines, ditches and grass margins for the 
European Union, based on spatial modelling of ground observations of linear features from 
the 2009 LUCAS (land use/cover area frame statistical survey) database. Linear elements, 
such as hedgerows and tree lines, have important cultural, agricultural and ecological values 
within current agricultural landscapes. Chapter 2 has a methodological focus, comparing 
different spatial interpolation methods suitable to extend information beyond point 
observations. The resulting wall-to-wall maps of green lines, ditches and grass margins in 
Europe identified the main areas of occurrence of these landscape elements. In addition, the 
results confirmed the importance of both biophysical as well as socio-economic factors, such 
as elevation and accessibility, on the presence and abundance of linear landscape elements 
within Europe. Furthermore, the resulting maps have allowed other studies to include the 
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role of the spatial arrangement of landscape elements in their analysis. Currently, applications 
have been used to model the influence of support practices on water-induced soil erosion 
reduction and the demand and supply of pollination as an ecosystem service. 
In Chapter 3, we integrated spatial datasets to develop a new typology of agricultural 
landscapes, which accounts for land cover, land management and landscape structure. Such a 
harmonized approach can help identify and characterize policy areas that need attention, e.g. 
to assess changes in cultural landscapes, landscape structure and biodiversity conservation. 
Included datasets in the typology include information on land cover, field size, nitrogen input 
intensity, and green linear elements (using the dataset developed in Chapter 2). This chapter 
had a methodological focus as well, comparing two common typology development 
techniques: an expert-based top-down methodology and a bottom-up approach using Self 
Organizing Maps (SOMs). A comparison with available national and European typologies 
showed that our typology clearly deviated from existing biophysical and anthropogenic 
typologies due to the inclusion of landscape management aspects.  
Landscapes change over time and at different rates. The approaches in Chapter 2 and 3 
focused on the assessment of the spatial variability of current agricultural landscapes and 
therefore did not indicate regions facing landscape change. While both maps offer a basis for 
landscape assessment and monitoring of change, provided that underlying databases are 
updated with regular intervals, Chapter 4 introduced an analysis with a dynamic component. 
This allows use to assess how changes in land management lead to changes in the functions 
and values assigned to these landscapes over different temporal and spatial scales. We used 
scenario-based land use simulations up to 2040 for Europe, to identify future areas under 
threat of land abandonment in the European Union - one of the dominant land use change 
processes and an important policy challenge in Europe. We assessed the impact of the 
possible future land abandonment, based on eight indicators, including carbon sequestration, 
mammal habitat suitability, nature recreation and cultural heritage. In this analysis we used 
the cultural heritage indicator based on the landscape typology developed in Chapter 3. 
Using a clustering approach, we developed a typology of four typical trade-off bundles. We 
further analyzed these bundles to distinguish potential desirable and undesirable outcomes of 
agricultural abandonment. Thus we were able to distinguish areas that face similar 
management challenges, which can provide a first guideline to target appropriate policies and 
‘optimal use’.  
A limitation to our European scale trade-off analysis is that it does not include specific policy 
targets, values, norms and interests of the local population. To effectively address future 
management directions for rural areas in Europe, it is important to know the different 
perceptions of inhabitants and other user groups of the rural zone. Chapter 5 therefore 
Summary 
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focused on the perception of land abandonment by different user groups in an area in 
Northern Portugal that has been undergoing large scale abandonment. Here, we combined 
statements, photograph rating exercises, and open questions to assess the overall impact of 
land abandonment as well as the preferences for different ‘abandonment landscapes’. These 
‘abandonment landscapes’ represent different possible trajectories following land 
abandonment. We argue that an understanding of local perceptions, opportunities, and 
tradeoffs associated with changing land management are crucial for landscape-related policies 
and planning measures. Furthermore, we argue that these can be used as input to find a 
common ground for landscape management, to reduce conflicts, and as starting point for a 
more spatially targeted and nuanced management approach.  
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NEDERLANDSTALIGE SAMENVATTING  
In Europa bestaat een grote diversiteit aan landbouwlandschappen, die variëren tussen 
traditionele landschappen die worden gekarakteriseerd door extensieve productiemethoden, 
zoals begrazing van lage intensiteit in berggebieden, tot zeer intensief gebruikte landschappen 
met een “industriële productie”. Hoewel veranderingen in landbeheer meestal minder 
aandacht krijgen dan veranderingen in landbedekking, is landbeheer een van de meest 
invloedrijke factoren op Europese landbouwlandschappen en heeft het een grote invloed op 
toekomstige landgebruiksverandering. Landbeheer heeft ook grote invloed op het 
voorkomen en het functioneren van landbouwlandschappen, zoals op de waarde van de 
biodiversiteit en op verschillende ecosysteemdiensten.  
De hoofdvraag van dit proefschrift is hoe landbeheer zorgt voor onderscheid tussen 
landbouwlandschappen en hoe dit onderscheid invloed heeft op het functioneren en de 
waarden die worden toegewezen aan deze landschappen. Omdat landbouwlandschappen 
zich bevinden op het grensvlak tussen de natuurlijke omgeving en de maatschappij, wordt er 
in dit proefschrift gebruik gemaakt van een aanpak die kijkt naar de natuurlijke én de 
menselijke factoren die invloed hebben op het landschap. Het doel is om de relatie tussen 
deze factoren, inclusief terugkoppelingen en wisselwerkingen, te begrijpen.  
Een beter begrip van de invloed van landbeheer op landgebruiksverandering is nodig om in 
te te kunnen spelen op toekomstige landgebruiksveranderingen en hun invloed op de 
maatschappij, zoals bijvoorbeeld de verwachte landverlating van land van slechte kwaliteit in 
grote gebieden van Europa. Dit is vooral belangrijk omdat er verwacht wordt dat de vraag 
naar goederen en diensten die hun oorsprong op het land vinden zal blijven toenemen. Een 
van de benodigde stappen richting een verbeterde vertegenwoording van 
landbouwlandschappen binnen mondiale veranderingsprocessen is een verbeterde 
beeldvorming van essentiële elementen van landbouwlandschappen, zoals de compositie, 
structuur en het landbeheer.  
Analyse en het in kaart brengen van de ruimtelijke variabiliteit van de compositie, structuur 
en het landbeheer van huidige landbouwlandschappen is de focus van hoofdstuk 2 en 
hoofdstuk 3. In hoofdstuk 2 worden kaarten gepresenteerd van groene landschapselementen, 
sloten en akkerranden voor de gehele Europese Unie, die zijn gebaseerd op ruimtelijke 
modellering van grondwaarnemingen van lineare elementen uit de 2009 LUCAS (land 
use/cover area frame statistical survey) database. Lineaire elementen, zoals heggen en 
bomenrijen, hebben een belangrijke culturele-, agrarische- en ecologische waarde binnen 
huidige landbouwlandschappen. Hoofdstuk 2 heeft een methodologische focus, waarbij 
verschillende ruimtelijke interpolatietechnieken die geschikt zijn voor het interpoleren van 
grondwaarnemingen worden vergeleken. De uiteindelijke kaarten van landschapselementen, 
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sloten en akkerranden identificeren de belangrijkste gebieden waar deze landschapslementen 
voorkomen. Verder bevestigingen de resultaten dat zowel biofysische als socio-economische 
factoren, zoals hoogte en bereikbaarheid, van belang zijn voor de aanwezigheid en dichtheid 
van lineaire landschapselementen in Europa. De uiteindelijke kaarten hebben andere studies 
de mogelijkheid gegeven om het ruimtelijke patroon van landschapselementen mee te 
nemen. Huidige toepassingen zijn onder andere gericht op het modelleren van 
beschermingsmaatregels tegen watererosie en het in kaart brengen van de ecosysteemdienst 
bestuiving.  
In hoofdstuk 3 integreren we verschillende ruimtelijke datasets voor het ontwikkelen van een 
nieuwe typologie van landbouwlandschappen, die rekening houdt met landbedekking, 
landbeheer en landschapsstructuur. Een dergelijke geharmoniseerde aanpak kan 
ondersteuning geven bij het identificeren van beleidsgebieden die aandacht nodig hebben, 
bijvoorbeeld op het gebied van veranderingen in cultuurlandschappen en 
landschapsstructuur en behoud van biodiversiteit. Voor het ontwikkelen van de typologie 
gebruiken we datasets over landbedekking, akkergrootte, intensiteit van stikstofbemesting en 
groene lineaire landschapselementen (hierbij gebruikmakend van de dataset die ontwikkeld is 
in hoofdstuk 2). Dit hoofdstuk heeft ook een methodologische focus, waarbij twee gangbare 
methoden voor typologie-ontwikkeling worden vergeleken: een ‘top-down’-methode op 
basis van inzichten van experts, en een ‘bottom-up’-benadering die gebruik maakt van een 
methode genaamd Self Organizing Maps (SOMs). Een vergelijking met beschikbare 
nationale en Europese typologieën laat zien dat onze ontwikkelde typologie duidelijk afwijkt 
van de bestaande biofysische en antropogene typologieën door het opnemen van de 
verschillende aspecten van landschapsbeheer.  
Landschappen veranderen met de tijd en met verschillende snelheden. De aanpak in 
hoofdstuk 2 en 3 concentreerde zich op de analyse van de ruimtelijke variabiliteit van de 
huidige landbouwlandschappen en richtte zich daarom niet op de landschapsverandering die 
gebieden ondergaan. Hoewel de eerder ontwikkelde kaarten in principe een goede basis voor 
landschapsanalyse en monitoring van landschapsverandering kunnen zijn, mits de 
onderliggende databases regelmatig worden bijgewerkt, introduceren we in hoofdstuk 4 een 
analyse met een dynamische component. Dit geeft ons de mogelijkheid om te onderzoeken 
hoe veranderingen in landbeheer leiden tot veranderingen in de functies en waarden die 
toegeschreven worden aan deze landschappen over verschillende tijds- en ruimtelijke 
schalen. In onze analyse maakten wij gebruik van Europese landgebruikssimulaties tot 2040, 
gebaseerd op verschillende scenario’s, om toekomstige gebieden in de Europese Unie te 
identificeren die mogelijk bedreigd worden door landverlating – een van de belangrijkste 
Europese landgebruiksprocessen en beleidsuitdagingen. We analyseerden de verschillende 
milieueffecten van de toekomstige landverlating, gebaseerd op acht verschillende indicatoren, 
Nederlandstalige samenvatting 
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zoals koolstofopslag, de habitat-geschikheid voor zoogdieren, natuurrecreatie en cultureel 
erfgoed. In deze analyse gebruikten we een indicator voor cultureel erfgoed die gebaseerd 
was op de landschapstypologie die ontwikkeld is in hoofdstuk 3. Aan de hand van de acht 
indicatoren ontwikkelden we een typologie van vier kenmerkende bundels van 
indicatoreigenschappen aan de hand van een clusteranalyse. We onderzochten deze bundels 
verder om onderscheid te maken tussen eventuele wenselijke en onwenselijke effecten van 
landverlating. Hierbij was het mogelijk om een indeling te maken in gebieden die 
overeenkomstige beleidsmatige uitdagingen tegemoet gaan, wat een mogelijke eerste richtlijn 
kan geven voor gericht beleid en ‘optimaal gebruik’ van deze gebieden.  
Een beperking van onze ‘trade-off’-analyse op Europese schaal is dat deze niet kijkt naar de 
specifieke beleidsdoelen, waarden, normen en belangen van de lokale bevolking. Voor de 
ontwikkeling van effectieve toekomstige beleidsrichtingen voor landelijke gebieden is het 
belangrijk om te weten wat de verschillende opvattingen zijn van de bewoners en andere 
gebruikersgroepen van het landelijke gebied. Hoofdstuk 5 richt zich daarom op de 
opvattingen over landverlating van verschillende gebruikersgroepen in een gebied in het 
noorden van Portugal, dat al gedurende lange tijd te maken heeft met grootschalige 
landverlating. In dit onderzoek combineerden we uitspraken, foto-
rangschikkingssoefeningen en open vragen om het complete effect van landverlating en de 
voorkeur voor verschillende ‘verlatingslandschappen’ te meten. Deze 
‘verlatingslandschappen’ stonden model voor de verschillende mogelijke 
ontwikkelingsrichtingen van het lokale landschap na landverlating. Wij pleiten ervoor dat een 
inzicht in de lokale opvattingen, mogelijkheden en trade-offs die worden geassocieerd met 
veranderd landbeheer van cruciaal belang zijn voor beleid en planningsmaatregelen op het 
gebied van landschappen. Verder beargumenteren wij dat dit inzicht kan worden gebruikt 
om raakvlakken te vinden tussen verschillende partijen in landsschapsbeheer, voor het 
indammen van conflicten en als een uitgangspunt voor een meer ruimtelijke, gerichte en 
genuanceerde beleidsaanpak. 
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